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CROSS— RE fe: r en c e to related applications 

[0001] The present application is a continuation-in-part ot 
application Serial No. C9/314,161, filed May 19, 1999, which 
is a continuation-ir.-part of application No. PCT/'JS 38/14715 , 
filed July 21, 199?-, an:i 3 continuation-in-part of 

„ _ j - i m -. •■■,n/"i: :m fi IpH December 2.:', 1990, 
application seudi .40. ..■ ^ ■ j- - , - • ■ 1 - -■ 

. ■ -.4-., ~. -r - -f uhirh a^e hereby incorporated 

the entire contents ul ea -n -.-r wnicn <i_e n_j_c^ y t- 

herein by reference. 

FIELD OF THE INVENTION 
[0002] The present invention relates to compositions and 
methods for the promotion of nerve regeneration or prevention 
or inhibition of neuronal degeneration to ameliorate the 
effects of injury or disease of the nervous system (NS). In 
the certain embodiments, activated T cells, an US-specific 
antigen or peptide derived therefrom or a nucleotide sequence 
encoding an NS-specific antigen can be used to promote nerve 
regeneration or to comer neuroprotection and prevent or 
inhibit neuronal degeneration caused by injury or disease of 
nerves within the centra.] nervous system or peripheral nervous 



s y s t em 



of a human subject. The compositions of the presen 



invention may be administered alone or may be optionally 
administered in any desired combination. 



[OfiO'3] Abbreviations : APC : antigen-presenting cell; BSA: 
bovine serum albumin; CAP: compound action potential; CFA: 
complete Freund's adjuvant; CNS : central nervous system; 4-Di 
10 -Asp: 4- (4-didecylamino) styryl > -M-methyloyr idinium iodide; 
EAE: experimental autoimmune encephalomyelitis; FCS: fetal 
calf serum; IFA: incomplete Freund's adjuvant MAG: myelin- 



associ 



ated glycoprotein; MBP : myelin basic protein; MOG: 



myelin oligodenarocyte giyuL-pnj^nw Ni> . i^-^- ^^^^ 
ovalbumin; PBS: phosphate-buffered saline; PLP: proteolipid 
protein; PNS : peripheral nervous system; RGC : retinal 
ganglion cells; TCR: T-cel.L receptor. 

BACKGROUND OF THE INVENTION 
[00C4] The nervous system comprises the central (CNS) and 
the peripheral (PNS) nervous system. The CNS is composed of 
the brain, the spinal cord and the visual system; the PNS 
consists of all of the other neural elements, namely the 
nerves and ganglia outside of the brain and spinal cord. 

[000 5] Damage to the nervous system may result from a 
traumatic injury, such as penetrating traum-i or blunt trauma, 
or a disease or disorder including, but not limited to 
Alzheimer's disease, Parkinson's disease, multiple sclerosis, 
Huntington's disease, amyotrophic lateral sclerosis (ALS), 
diabetio neuropathy, senile dementia, stroke and ischemia. 



::i0u6i Maintenance of CNS integrity is a comp Lex balancing 

L - 

act m which compromises are struck with the : mmune system. 
In most tissues, the immune system plays an essential part in 
protection, repair, and healing. In the CNS, because of its 
5 unique immune privilege, immunological reactions are 

relatively limited (Streilein, 1993) . A growing body of 

evidence indicates that the failure of tne mammalian CNS to 

_ - . i . .: - x= , , .-, +- -; ^ i rAr-mrcvw aft i rr.nrv is . : \ v o f 1 e c t i c> n o f an 

ineffective dialog between the damaged tissue and the immune 
10 svstem. For example, the restricted communication between the 
CM S anj blood-borne macrophages affects the capacity or 
axotomized axons to regrow; transplants of activated 
macrophages can promote CNS regrowth ( Laza rov-Spiegler et al, 
139b; Fapalino et al, 1993). 
15 ;00C7] Activated T cells have been shewn to enter the CNS 

parenchyma, irrespective of their antigen specificity, but 
only T cells capable of reacting with a CKS antigen seem to 
persist there (Hickey et al, 1991; Werkele, 1993; Kramer et 
si, 1995). T cells reactive to antigens of CMS white matter, 
20 sues -:ss myelin basic protein (MBP) , can Induce the paralytic 

disease experimental autoimmune encephalomyelitis (EAE) within 
several days of their inoculation into naive recipient rats 
-.Ben- Hun et al, 1931a) . Anti-MPB T cells may also be involved 
in the human disease multiple sclerosis -.Ota et al, 1990; 
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Martin, I. 997) . However, despite their pa t hog-n i potential, 
antr-MBP i 1 cell clones are present in the immune sys t-ems of 
wealthy subjects (Burns on al, 1983; Pette et. a. 1 ., 1950; Martin 
et al, 1990; Sohluesener et al, 1985). Act I ere - ; T ceils, 
5 which normally patrol the intact CMS, trarisientc-/ accumulate 

at site's of CMS white matter lesions (Hirschberq et al, 1998). 

[000 3] A catastrophic consequence of CMS irrury is that the 
orimarv lamaae is often oomoounded bv the aroint" sec'indarv 
loss of adjacent neurons tnat apparently were undamaged, or 

10 only marginally damaged, by the initial injury ■. Faden et al, 

1992; F^den, 1993; Mcintosh, 1993). The primary lesion causes 
changes in extracellular ion concentrations, eJ. ovation of 
amounts of free radicals, release of neurotransmitters, 
depict icon of growth factors, and local inflammation. These 

15 charges trigger a cascade of destructive events in the 

adjacent neurons that initially escaped the primary injury 
(Lynch et al, 1994; Bazan et al, 1995; Wu et al, 1994). This 
secondary damage is mediated by activation of voltage- 
dependent, or agonist-gated channels, ion leaks, activation of 

20 calcium-dependent enzymes such as proteases, lipases and 

nucleases, mitochondrial dysfunction and energy depletion, 
culminating in neuronal cell death (Yoshina et al, 1991; Hovda 
et al, 1991; Zivin et al, 1991; Yoles et al, 1992) . The 
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widespread loss r> f neurone beyond the LjSS :aused direct iy by 
the orimary injury has been called "secondary '::oy:sie ration . " 

[COO: 1 ] Another traqic o on sequence of CN8 injury i.s than 
ne_i.ro>ns in the mammal ran CMS do not undergo) sporooneouo 
5 regeneration following an injury. Thus, a CMS injury oauses 
permanent impairment of mco.or and sensory funov: ions . 

[0010] Spinal cord lesions, regardless of the severity of 
the injury, initially result in a complete f ur-o r i -"in a 1 
paralysis known as spinal shoe!-:. Some spontaneous recovery 

10 from spinal shock may be observed, starting a few days after 
the injury and tapering off within three to four weeks. The 
less severe the insult, cue better the functional outcome. 
The extent of recovery is a function of the amount of 
undamaged tissue minus one boss due to secondary oegene ra t ion . 

15 Recovery from injury wouia be improved by neuroprotective 
treatment that coulo reduce secondary degenerat ion. 

[0011] The parent applications, application nos. 09/210,277 
and 00/ol4,161 and ?CT suo 1 i cat ion WO 99/6002 1, describe the 
discovery made in the laboratory of the present inventors that 

20 activated T cells that recognize an antigen of the NS o>f the 
patient confer neu.rop-rotectio<n . More specifically, T cells 
reactive to MBP were snewn to be neuroprotective in rat models 
of partially crushed optic nerve (see also Moalem et al, 
1990a, the entire contents of which being hereby incorporated 
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herein by reference) and o: spinal cord injury (see also 
Hi-uben e: al, 2000, the entire contents of which being hereby 
incorporated herein by reference) . Until recently, 1: had 
been thought that immune ceils do not participate in NS 
reoair. Furthermore, any immure activity in the context of 
CI33 damage was traditionally considered detrimental for 
recovery. It was quite surprising to discover that N3- 

^,4- a ,t-^ +- ^ -i rr -.-.i lo ,-n-iiH K.^ ikpH <~ nrotect nervous 

system tissue from secondary degeneration which may follow 
damage caused by injury or disease of the CNS or PNS. The 
mechanism of action of s.o-.n N2-specific T cells has yet to be 
discovered, but the massive a -cumulation of exogenously 
administered T cells at the site of CNS injury suggests that 
the cresence of T cells at the site of injury plays a 
prominent role in neuroprotection. It appears, however, that 
tne accumulation, though a necessary condition, is not 
sufficient for the purpc.se, as T cells specific to the non- 
self antigen ovalbumin also accumulate at the site, but have 
no neuroprotective effect (Hirschberg et al, 1998) . 

[0012] In addition to the KS-specific activated T cells, 
the above-referenced 1*3 app Li rations and PCT publication WO 
99/60021 disclose that therapy for amelioration of effects of 
injury or disease of NS can be carried out also with a natural 
or synthetic NS-specific antigen such as MAG, 3-100, p- 



anv/lo id, Thy-1 , PO, Pf: , a neurotransnitter receptor, and 
preferably human MBP, human prot e o .1 i pi d protein (PLP), and 
human oligodendrocyte gl ycopro 1 6; i a (MOG), or with a peptide 
:lerived f r'om an NS-specific aritigen each as a peptide 
comor i. s 1 rig amino acids 51-70 jf MSP or amin o acids 35-55 of 
MOG . 

■0013] Gitation or identification of any reference in this 
sect, ion or any other part of this application snail not be 
construed as an admission that such reference is available as 
orier art to the invention. 

SUMMARY OF THE INVENTION 
[OolO] The present invention is directed to methods and 
compositions for promotion of nerve regeneration or for 
netir-opr ; tection and prevention -or inhibition of neuronal 
degeneration to ameliorate the effects of injury to, or 
disease of, the nervous system (MS). 

[0015] The present invention is based in part on the 
inventors' unexpected discovery that activated T cells that 
reooogniue an antigen of the NO of the patient promote nerve 
regeneration or confer neuroprotection. As used herein, 
"neuroprotection" refers to the prevention or inhibition of 
degenerative effects of injury or disease in tne KS . Since it 
was thought until recently that immune cells do not 
participate in nervous system repair, it was quite surprising 



t:-> discover that NS-specific activated T cel. i s and also the 
N3- sp- c; i L' i c antigens themselves and pep t ides der i ved therefrom 
c on b- ? use d t o promote nerve regeneration :>r r. o prote st 
nervn js system tissue from secondary degenera o i on which may 
Hollo./ damage caused oy injury :>r disease of the CMS or PNS. 

[0' 16] Thus, in one aspect, the invention relates to a 
met h oa for promoting nerve regeneration or for conferring 
near op rote ot ion and preventing or inhibi ting neuronal 
degene ration in the central nervous system or peripheral 
ne rvoas system for amel iorat ing the effects of injury or 
disease, comprising administering to an individual in need 
there)" at least one ingredient selected from tne group 
cor.s ^ a t ong of : 

[■h:l7] ;a) NS-specific activated T cells; 

[v ;o) a NS-specific antigen or an analog thereof; 

[ : ~>ul9] (c) a peptide derived from an NS-specific antigen 
or from an analog thereof, or an analog or derivative of said 
pept ^ole ; 

[ to!0 ] (d) a nucleotide sequence encooling an NS-specific 
antigen or an analog thereof; 

[■)■'.■.' 1 ] ( e ) a nucleotide sequence encoding a peptide 
derived from an NS-specific antigen or from an analog thereof, 
or an analog of said peptide; or 

[0022] (f) any combination of (a)-(e). 



[002 3] In another aspect.:., the invention reLur-us to a 
pharnac e u 1 1 c a 1 c < :-mp c s i t. i o n f or p r omo ting nerve r e ( : e n e ration «:■ r 
for neuroprotection and prevention or inhibition of: neuronal 
degeneration in the CMS or PNS for ameliorating ore effects of 
injur 1 / or 'disease in the MS, comprising a therapeutically 
effective amount of at least one ingredient selected from the 
group consisting of (a) to (e) above or any combination of 
( a ) - ■ e } . 

[(_;■.).*> -5 ] The term "NS-speci fic antigen" as usee herein refers 
to an antigen of the MS that specifically activates T cells 
such that following activation the activated T sells 
accumulate at a site of injury or disease in the MS of the 
patient. Examples of N3-specific antigens according to the 
invention include, but are not limited to, myelin basic 
protein ( M 3 P ) , myelin oligodendrocyte glycoprotein (MOGj , 
protecLipid protein (PLP), myel in-associated glycoprotein 

(MAG), o-lOO, p-amyloid, Thy-1, P0, P2, neurotransmitter 
receotors, one protein No go (Nogo-A, Nogo-B and Nogo-C) and 
the Mo-go receptor (MgR) . This definition also includes 
anal »gs of said MS-speci f i c antigens as described in the 
section on US-specific antigens, analogs thereof, peptides 
derived therefrom and analogs and derivatives there of of said 
peptides hereinafter. 







BRIEF DKS'JK L PT I DU OF THE FIGURES 
[0025] Fig. 1 is a bar graph showing the presence of T 
cells :_n uninjured optic nerve or in injured optic nerve one 
week after injury. Adult. Lewis rats were injected with 
5 activated T cells of the ar:ti-HBP (T MB p), anti-OVA <T 0VA ), anti- 
p277 (a peptide of the human hspOO) (Tp 2 7i) lines, or wi.th PBS, 
immediately after unilateral crush injury of the optic nerve. 
q^t^t^ ^awc; i^i^r both inured and uninjured optic nerves 

were removed, cryosect ioned and analyzed immunomsr ocnemically 
10 for the presence of immun olabe led T cells. T cells were 

counted at the site of injury and at randomly selected areas 
in the uninjured optic nerves. The histogram shows the mean 
number of T cells per mm ± s . e . m . , counted in two to three 
sections of each nerve. Each group contained three to four 
15 rats. The number of T cells was considerably higher in 

injured nerves of rats in;jec;:ed with anti-MBP, anti-OVA or 
anti-p277 T cells; statistical analysis (one-way At:OVA) showed 
significant differences between T cell numbers in injured 
optic nerves of rats injected with anti-MBP, anti-OVA, or 
20 anti-p277 T cells and the T cell numbers in injured optic 
nerves of rats injected with PBS (P<0.001); and between 
injured optic nerves and uninjured optic nerves of rats 
injected with anti-MBP, anti-OVA, or anti-p277 T cells 
(P<0 .ODD . 
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[0026] Fig. 2 is a bar grupr ! lust rating that T cells 
SO e>; to MB P , but not to JVA or p277 , protect neurons from 

secondary degeneration. Immediately after optic nerve injury, 
rats were injected with anti-MBP, arti-OVA or anti-p277 T 
cells, ::o: with PBS. The neurotracer dye 4-oi-lO-Asp was 
applied to optic nerves distal, to the site of the injury, 
immediately after injury (far assessment of primary damage) or 
4_,.,. T1 .-i..-, i ^ +- ^ / f ^cc^ccmnt n f ^ornnH.H rv H oa en e r a t i on ) . 

Five days after dye application, tine retinas were excised and 
flat-mounted. Labeled retinal ganglion cells (RGCs) from 
three to five randomly selected fields in each retina (all 
located at approximately the same distance from the optic 
disk) were counted by fluorescence microscopy. RGC survival 
in each group of injured nerves was expressed as the 
percentage of the total number- of neurons spared after the 
primary injury (42% of neurons remained undamaged after the 
primary injury) . The neuroprotective effect of anti-MBP T 
cells compared with that of PBS was significant (P<0.001, one- 
way ANOVAj . Anti-OVA T cells or anti-p277 T cells did not 
differ significantly from EPS in their effects on the 
protection of neurons that had escaped primary injury (P>0.05, 
one-way ANOVA) . The results are a summary of five 
experiments. Each group contained five to ten rats. 



[0027 j :: iqs. 3 (A-C) present photomicrographs of 
r^trogrdd-Iy labeled retinas of :n;ured optic nerves of rats. 
Immediately after unilateral crush iryury of their opt ic 
nerves, rat.s were injected wi:h FBO (Fig. :'A) :>r with 
aetrvutea ant:_-pl77 T cells (Fig. OB: or activated ar.ti-MBP T 
cells :Fia. ?C) . Two weeks later, the n-urotiaeer rlye 4-Di- 
10-Aso was applied to the optic nerves, distal to the site of 

-; ^ * r, i- r v - ., Hn\;c O H a rcif i ; w ^ V l <=; P> ri pnH r i a t — 

mounted. habeled (surviving) RGCs, located at approximately 
the same distance from the optic disk in each retina, were 
phot o g r a p h e d . 

[0028] Figs. 4 (A-B) are graphs showing that clinical 
severity or EAE is not influenced by an optic nerve crush 
injury. For the results presented in Fig. 4A, Lewis rats, 
either uninjured (dash line) or immediately after optic nerve 
crush injury (solid line), were injected with activated anti- 
MBP T cells. EAE was evaluated according to a neurological 
paralysis scale. [Data points represent ± s.e.m.] These 
results represent a summary of three experiments. Each group 
contained five to nine rats. Fig. 4B shows that the number of 
FGCs in the uninjured optic nerve is not influenced by 
injection of anti-MBP T cells. Two weeks after the injection 
of arti-MB? T cells or PBS, 4-Di-lJ-Asp was applied to the 
optic nerves. After 5 days the retinas were excised and-flat- 



mounted. LaoeLej RGCs from five fields (located at. 
approximate I y the same distance from the optic disk) in each 
retina were counted and the average number per mm was 
calculated. There was no difference between the numbers of 



rats injected with anti-MBP T cel.s T MB ?) and 



labeled F.GCs m 
in E'BS-iri j ecced control rats. 

[C0291 Fig. r > is a bar graph showing that T cells specific 

+- q p e ; - / ( l r , 1 MbK p 1 0 L e C t jieuiuns j_ x. <^>\ l l o ^ ^ ^ — - j - 

Mediately after optic nerve injury, rats were injected with 
anti-MBP T cells, anti- P 51-70 T cells, or PBS. 4-Di-Ki-Asp 
was applied to optic nerves distal to the site of one injury, 
immediately after injury (for assessment of primary damage) or 
two weeks ..ater (for assessment of secondary defeneration) . 
Five days after dye application, the retinas were excised and 
flat-T.Dunted. Labeled RGCs from three to five randomly 
selected fields in each retina (all located at approximately 
the same distance from the optic disk) were counted by 
fluorescence microscopy. RGC survival in each group of 
injured nerves was expressed as the percentage of the total 
nurr.be r :f neurons spared after primary injury. Compared with 
that of PBS treatment, the neuroprotective effects of snti-MBP 
and of anti-p51-70 T cells were significant (P<0.C01, -one-way 
ANOVA) . 



[ 0 0 3 0 ] Figs. 6 (A- 3) are u taphy showing that ant i -Mr.P i 1 
cells increase the compound action potential (CAP) amplitudes 
of injured op:ic nerves. Immediately after optic ner^e 
injure, rats were injected with either PBS or activated anti- 
MBP T ce.-ls (T ME p). Two weeos later, the CAPs of injured (Fig. 
6A) and uninjured (Fig. *5B) nerves were recorded. There v/ere 
no significant differences Ln mean CAP amplitudes between 
u n i n j u r e ; i n e r v e s o b t a 1 n e d f r c m P 3 S — i n j e c t e d a n zl a nt '. — M B D ^ 
cell-injected rats (n-3; p=0.8, Student's t-test). The 
neuroorocect ive effect of anti-MBP T cells (relative ta PBS) 
on the in j ured nerve on day 14 after injury was sign if i :ant 
(n=8, p=0.009 f Student's t-test). 

[003 1] Tigs. 7(A-B) are graphs showing recovery of 
voluntary motor activity as a function of time after 
contusion, with and without injection of autoimmune anti-MBP T 
cells. (Fig. 7A) Twelve rats were deeply anesthetize:! and 
lamineccomized, and then subjected to a contusion insult 
produced by a 10 gram weight dropped from a heigh: of 50 mm. 
Six of the rats, selected at random, were then inoculated i.p. 
with 10 1 anti-MBP T cells and the other six were inoculated 
with PBS. At the indicated time points, locomotor oeriavior in 
an open field was scored by observers blinded to the treatment 
received by the rat s . Results are expressed as t he mean 
values far each group. The vertical bars indicate SEM. 



Differences tested by repeat - ,i AN 07 A , including all time 
points, were significant y . V, ; . (Fig. 7B) A similar 
experiment using five PBS-c. reated animals and six animals 
treated with anti-MBP T cells were all subjected to a more 
severe contusion. At the indicated time points, locomotor 
behavior in an open field was scored. The results are 
expressed as the mean values for each group. The vertical 

bars indicate bbi v J. ^cils j_u un-=: i.. yi.^^ 

by open circles and rats in the control group are represented 
by black circles. Horizontal bars show the median values. 
The inset shows the median plateau values of the two groups. 

[0032] Figs. 8 (A-C) show retrograde labeling of cell bodies 
at the red nucleus in rats treated with autoimmune anti-MBP T 
cells (SA) and in control injured (8B) rats. Three months 
after contusion and treatmenc with anti-MBP T cells, some rats 
from both the treated and the control groups were re- 
anesthetized and a dye was applied below the site of the 
contusion. After five to seven days, the rats were again 
deeply anesthetized and their brains were excised, processed, 
and cryosectioned. Sections taken through the red nucleus 
were inspected and analyzed qualitatively and quantitatively 
under fluorescent and con focal microscopes. Significantly, 
more labeled nuclei were seen in the red nuclei of rats 
treated with anti-MBP T cells (8A) than in the red nuclei of 



PBS-t-reaued rats (68). The a;.,M. i tative differences are shown 
in the bar graph (8C) and were obtained from animals with 
scores of 10 and 11 in the T-cel L-treated group and scores of 
6 in the control group. The oar graph shows mean ± SD. 

[0035] Fig. 9 is a series of priotographs shewing diffusion- 
weighted Imaging of contused spir.a, cord treated with anti-MBP 
T cells. Spinal cords of MBP-T ::ell-treated and PBS-treated 
animals (with _ocomotion scores ji. ±v..> emu u, ±.~^ t -^^^^v-^j, 



were excised under deep anesthesia, immediately fixed in 4 



paraformaldehyde solution, and placed into 5 nm MMR tubes. 
Diffusion anisotropy was measured in a Bruker DMX 4 00 widebore 
spectrometer using a microscopy probe with a 5 -mm Helmholtz 
coil and actively shielded magnetic field gradients. A 
mult isl ice pulsed gradient spin echo experiment was performed 
with 9 axial slices, with the central slice positioned at the 
center of the spinal injury. Images were acquired with TE of 
31 ms, TR of 2000 ms, a diffuse::, time of 15 ms , a diffusion 
gradient duration of 3 ms, field of view 0.6 mm, matrix sice 
128 x 128, slice thickness 0.5 mm, and slice separation of 
1.18 mm. Four diffusion gradient values of 0, 28, 49, and 71 
g/cm were applied along the read direction (transverse 
diffusion) or along the slice direction (longitudinal 
diffusion) . Diffusion anisotropy is manifested by increased 
signal intensity in the images with the highest transverse 



di f f as i on q raci lent relative to t he 1 ong i tuclma 1. d L i .1. a s i.on 
gradient. The excised spinal cords ef a PBS-treated rat and 
in the rat treated with MBP-T cell.? were subjected to 
di f f us i on-v/ecgh ted MR I analysis. in the PBS-treated injured 
control, diffusion anisotropy was seen mainly in sections near 
trie proximal and distal stumps -of the cord, with low 
anisotropy in sections taken through the site of injury. In 
c o n t r a s i , o n 0 h e treated rat, h i g n e r ] e ve Is of d i f f u s i o n 
ariisocropy can be seen in sections taken through the site of 
in j ur y . 

[0014] Fig. 10 is a graph illustrating inhibition of 
seC'OndEiry -degeneration after optic nerve crush injury in adult 
rats. See text, Example 3, for experimental details. Rats 
were injected intradermally through the footpads with a 21-mer 
peptide loosed on MOG amino acid residues 35-55 (MOG p35-55) 
({50 a/animal, chemically synthesized at the Weizmann 
Irs ci cute of Science, Rehovot, Israel) or PBS ten (days prior 
to : p t i c ne rve crush injury or MOG p3 5 - 5 5 in the absence of 
crush injury. MOG p35-55 was administered with I FA . 
Surviving optic nerve fibers were monitored by retrograde 
labeling of R.GCs. The number of RGCs in rats injected with 
PBS or MOG p35-55 was expressed as a percentage of the total 
number of neurons in rats injected with MOG p35-55 in the 
absence of crush injury. 




[ 0 0 2 a ; v ' j . 11 is a ;rapn illustrating i n h i b i. t i ■ a i i n a d u 1 1 
rats o f s o c o r: d a r y d e; g e n e ration after opt ic nerve c r u s h injury 
ley MB?. See text, Fxarnole 4, far experimental details. MBP 
(Signify Israel) (1 rug in 0 . 5 ml saline) was administered 
5 orally to adult, rats by gavage using a blunt needle. M3P was 
administered 5 times, i.e., every third day beginning two 
weeks priar to optic, nerve srush injury. Surviving optic 
nerve f i iters were monitored lav ret roar a de label, in a af 'KaCs . 
The number of BGCs in treated rats was expressed as a 

10 percentage of the total number of neurons in unt reated rats 
following the injury. 

[00 do] E'igs. 12 (A-F) show expression of E7 to - s t im a lat ory 
molecules in intact and injured rat optic nerve. Ooti:; nerves 
were excised from adult Lewis rats before (12A, lir.) and three 

15 days af tor injury (12C, 12D, 12E) and analyzeo 

immunoh i soochemical ly for expression of the B7 co-st imulatory 
molecule. The site of injury was delineated by GFAP staining. 
Using calibrated cross-action forceps, the right optic nerve 
was subjected to a mild crush injury 1-2 mm from the eye. The 

20 uninjured coint ra lateral nerve was left undisturbed. 

Immunoh i st ochemical analysis of optic nerve antigens was 
performea as follows. Briefly, longitudinal oryosec: ions of 
the excised nerves (20 um thick) were picked up onto gelatin- 
coated class and fixed with ethanol for ten minutes at room 
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t e mp erature . I 1 i i e s e c; C 1 o : ; s w - w us hi o d and incuba t - : d r . .u o r i o 
hour at room tempe rature wr + h mouse mon :> :lonal ant i h'. >dy :. o ra t 
GPAP ( BioMa kar, Israel), diluted 1:110, ana with antibodies to 
37.2 :a-i'o i.nLnat.ory :nalecale and the 37.1 co-st imu 1 a t :> r y 
molecule ( Ph a rmi ng-an , San Diego, CA) , di. Luted 1:25. The 
sect i-j::s were was h -a d a :: a 1 n a n d i nauoated w i t h r ho d am i :a e 
i so t h Lo cyan a :e- ::on j ug a t ed goat an ti -mouse I go (with minimal 
cross - react i on t :> rat, nun an, bovine and horse serum protein) 
(■Jackson ImmunoPesea root , West G rove, PA), for one nour at room 
temperature. All washing solutions contained PBS and 0.011 
Tween-20. All diluting solutions contained PBS containing 3% 
fetal calf serum and 1 \ bovine serum albumin. The sections 
were treated with glycerol containing 1 , 4 -d.iazobi cy c 1 ; - 
(2,2,2) -octane a n d w e re t n -z- : a v i e w e d with a Zeiss mi c r : s c o p e . 
Note the morphological changes «o f" the 37.2 positive coils 
after injury, from a rounded (ISA, 123) to a star-like shape 
(12C, 1210 . The B7 . 2 positive ceils were present at a hicher 
density closer to the injur'/ site (12E). Express! or. of 37.1 
was detectable only from day seven ana only at the injured 
site ( 12P) . 

[00 37] Tigs. 13 A-C show iirimunohistochemical analysis of T 
cells, macrophages or microglia, and B7.2 co-stimulatory 
molecules in the injured optic nerves of rats fed MSP. Lewis 
rats aged 1-8 weeks were fed 1 mg of bovine MBP (Sigma, 




Israel) (2 mg MBP/ml PBS) or a. o :n i PBS Drily every other day 
by gas eric intubation using a s t. a i r ; I e s e seeeL feeding needle 
(Thomas Scientific, Swedes;:--) re; , NJ) ( inen et al, Ten 
cays after starting MB?, t : . • • r.d jut op: i: nerves were subjected 
5 to calibrated crush injury, as ciesonoec for Fig. 1.2. Tnree 
cays later, the nerves were- excised end prepared for 
immurtohi s tochemica 1 analysis of 1' cod Is using mouse monoclonal 
antibodies to T cell receotor 1 1 . di luteo 1 : ; ' 5 , mao r-oh.iaes or 
microglia using anti-Eel are modies (Sorotok, Oxford, U.K) 

10 diluted 1:250, astrocytes us rug are i -GFAP antibodies and 37.2 
co-stimulatory molecules as described for Pig. 12. Tnere were 
no significant quantitative differences in T cells or in E2-1 
positive cells between injured opt it: nerves of PBS- fee; (13A) 
and MB?- fed (13B) rats. The number of B7 . 2 positive cells at 

15 the site of injury of MB?-fed rats (ISO should be noted, as 
compared with injured control s (see Pig. 12E above ) . 

[0033] Pig. 14 is a graph showing the s bowing of neuronal 
degeneration in rats with orally induced tolerance to MP'.?. 
Lewis rats were fed 1 mg MBP daily, or every cither day, or 4 

20 times a day at two-hour intervals for five consecutive days. 
Control animals were given PBS or the non-self ant i. gen OVA 
Sitrma, Israel). Ten days after the start of MBP ingestion, 
the right -optic nerves were subjected to a calibrated mild 
crush injury. Two weeks later the KGCs were retrogradely 
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t ion of the 



i- 



^ ipop h 1 1 



■4 \ / ; 
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Di - 1 D-Asp fMe ;eeu Lar Probes Europe B7, Net. he r La r.ds ) , di.et.ally 



to t ae a j t 



injury, as descrioed. Briefly, e ample t 



a x i' t :>my v;a s oe r f o rmed 1-2 nam f r j.t 



r ■ 



a .:. sr. a 



1 o order to the 



injury site, and solid crystals <j 



-'4 



mm i n si i. ame t o r i of 4 - 



oi-10-Aso were immediatelv deoosited at the site of tne 



lesi 



rograie labeling of xCCs by the dye elves 



r -o 1 i 5 o 1 e i n d i c e z i o n o f t. he n umoe c f s t i 1 1 - f u n ■:: tionira 



e trt n s , a s o n L y intact a >: o n s 



ran.:port tne dye to their 



cell booies in she retina. Six days, after dye application, 
tne retina was detached from the eye, prepared as a flattened 



whole mount in 41 paraformaldehyde 



S ' ) 



Station, and examined for 



lane led kGCs by fluorescence micrse.copy . RGCs were coieit-ed 
f rom three different regions in tne retina. Tne results are 



.pressed as n ormal ized percentage 



< _> l e cx 



cn retina to uncreated 



injured animal mean of the same experiment. The median of 
each group is shown as a bar (Control vs. M3? OTx4 * * PtO.Ol; 
Control vs. MB? OT * * P, 0.01; Control vs. OVA OT ns ?>0.05. 

[00C a] Fig. 10 shows the nuoleot ide sequence of rat MB? 
gene, CEO ID N0:1, Cenbank accession number M203S9 (Schaich et 
a L , 1 =i 0 0. ) . 

[004 0] Fig. 1C shows the nucleotide sequence of human MBP 
gene, £E<j ID NO:2, Genbank accession number M13577 (Kamholz et 



a 1 , 10 6 0). 



[ 0 0 4 1 j F i q s / ; A - r 1 } show the n u c 1 eo: i ci e s e q uen c o s ^ : ; . u on <x 
PLP gen-: o:o . :.. : 1-7, SEO ID NOs:3-9, re spe s t i \ r e 1 y , Gonb-ink 
ic-;;e33L'in numoers M 1 3 02 G-M 1 50 32 , re spec: t i ve 1 y fDiehl et; a ! , 

1 9 6 ) . 

[ 004.1] Fig. It shows the riucleoiiae serine: ice of human MOG 
gene, GEO' 13) NO: 9, Genbank accession num;>er 34-' "'31 (Rot.n et 
al, submitted ( 1 0 -Jan- 1993) Roth, CNR 3 U?R 3.G91, C LGH , GHU 
Purpan, Toulouse, France, 31300; Gonzalez et al, 1596) . 

[0043] Fig. 19 snows trie nucleotide sequence of rat PL P 
gene and variant, GEO ID NO: 10, Genbank accession number 
M1G471 (Nave et al, :937). 

[0044] Fig. 2 0 shows the nucleotide sequence of rat. MAG 
gene, 3 KG I D NO: 11, Genbank accession number M1487L (Arquist 
et al , 1. 93 7 i . 

[004 3] Fig. 21 shows trie amino acid sequence of human IOBP, 
3EQ ID 110:12, Genbank accession number 3J71G0 (Kamholz et al, 
1 3 3 6 ) . 

[004 0] Fig. 3 2 shows re he amino acid sequence of human PLP, 
SEG IE) 133:1:, Genbank accession number 337033. 

[0047] Fig. 13 shows the amino acid sequence of human MOG, 
3E0 ID r93:14, Genbank accession number 7938-9 (Roth et al, 
1995; Roth Submitted ( 17- JAN- 1 995 J Roth CNR3 U?R 3291, CIGH, 
GHU Purpan, Toulouse, France, 31300; Gonzalez et al, 1996). 
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[0043] Figs. 14 ( A - B ) sh"»w that post-traumatic mimun 
with I logo peptide p472 emulsified in C FA promotes functional 
recovery from spinal c :vrd contusion in comparison tc P3S-CFA- 
treated rats. tpmal • cols of nsle SPD rats were 
laminectomir.ed at the level of TO ana a 10-g rod was dropped 
onto tne lamine ::t cm ze :l cord from a height of 50 mm (Fig. 24A) 



or of 25 mm (Fig. 243>. See text, Example 5, for experime 



nt a 



de tdiio . 



[00491 Fig. 2 C shsw that post-traumatic immunization witn 
Nogo peptide p4 7l_ emulsified in C FA promotes functional 
recovery from spins! core contusion m comparison to PBS- 
treated or PBS+CFA- t rear ed rats. Spinal cords of female SPD 
rats were lamineot ami zed at the level of T9 and a 10-g rod was 
dropped onto the laninectomi zed cord from a height of 5 0 mm. 
See text, Example 5, ioc experimental details. 

DETAILED DESCRIPTION OF THE INVENTION 
[0050] As exposed above, the present invention relates 



compositions and methods for promoting nerve regeneration or 
for conferring neu r c p i at ec t ion and preventing or inhibiting 
neuronal degeneration in the CNS ir PMS for ameliorating the 
effects of injury or -disease, comprising administering to an 
individual in need thereof at least one ingredient selected 
from the group consisting of: 

[0051] (a) N3-spesific activated T cells; 



[ ■'") 0 5 2] ( b ) a N 8 - s p e c L f f c antigon o r a n a ri a 1 o g ther -a o f ; 

[\)053] (c) a peptide deprived from an NS-specific antigen 
or from an analog thereof, or :in analog or derivative -of said 
oept l ;le ; 

5 [0054] (d) a nucleoside sequence encoding an NS-specific 

anti-gen or an analog thereof; 

[0055] (e) a nucleotide sequence encoding a peptide 
d e r i ve d f r om a n N 5 - s p e c i f i c a n t. i gen or f r om an analog thereof, 
o r an analog of said pept ide ; or 

10 [0056] (f) any combination of (a) -(e) . 

[0057] Merely for ease of explanation, the detailed 
description of the present invention is divided into the 
following sections: NS-specific activated T cells and T-ceLl 
banks; NS-specific antigens, analcgs cnereof, peptides derived 

15 therefrom and analogs and derivatives thereof of said 

peptides; nucleotide sequences encoding NS-specific antigens, 
analogs thereof, peptides derived therefrom and analogs 
thereof; therapeutic uses; end formulations and modes of 
administration . 

2 0 NS-SPECIFIC ACTIVATED T CELLS AND T-CELL BANKS 

[0 053] In one embodiment of the invention, NS-specific 
activated T cells can be used in an amount which is effective 
to confer neuroprotection for ameliorating or inhibiting the 
effects of injury or disease of the CNS cor PNS that result in 
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NS degeneration or for promoting regeneration in the NS, in 
particular the CKS, as described in toe section on therapeutic 
u s es hereinafter. 

[0j59] In the practice of the invention, administration of 
NS-specif ic activated T cells may optionally be in combination 
with an NS-specific antigen or an analog thereof or a peptide 
(derived therefrom or an analog or derivative of said peptide. 

7, _i , i j 4- : ^ ~. i i , , . ^ i ^ -; ^ A ^ 4- — -; - :: M ; ! — c: r-,o .-■ -i ^ -i i~- ^nh i npn nr .=in 
rti.lU i L Uildl 1 ■/ f 1 J i a ± auiu-L 1 1 _l o u j_ ^ _i_ ■_- 1 1 - l m . .> ^ j--.- l. ^.^.l^^^,^^ - — — 

analog thereo f or a peptide der iveo therefrom or an analog or 
derivative thereof, can be comb i ned with active immunizat ion 
to build up a critical T-cell response immediately after 
in j ury . 

[0060] Activation of T cells is initiated by interaction of 
a TCR complex with a processed antigenic peptide bound to a 
MHC molecule on the surface of an antigen-presenting cell 
(A?C) . As used herein, the term "activated T cells" includes 
both (i) T cells that have been activated by exposure to a 
cognate antigen or peptide derived therefrom or derivative 
thereof; and (li) progeny of such activated T cells. As used 
herein, a "cognate antigen 7 ' is an antigen that is specifically 
recognized by the TCR of a T cell t.nat has been previously 
exposed to the antigen. Alternatively, the T cell which has 
been previously exposed to the ante gen may be activated by a 



n i i t o q e n , su:h a s p h yt Dhemagglutinin i F HA ) o r c o r i c a n a v a 1 in A 
( :on A) . 

[0061] Trie term "No-specific a:tivatci T cell" as used 
herein refers t :> an activated T ::ell having specificity for an 
act i -gen of toe MS, said NS- specific ant] gen oeing an antigen 
■of the MS that: .specifically activates T cells sucn that tnese 
activated T cells will accumulate at a sice -of injury or 
•disease in the MS of cne patient* The MS— specific antigen 
used C'O confer one specificity to the T cells may be a self 
NS-a:::igec of the patient or a non-self MS-antigen of another 
individual or even of another species, or an analog of said 
MS-antigen, or a peptide derived frc>m sale NS-antigen or from 
said analog thereof, or an analog or derivative of said 
peptide, all as described in the section on MS -spec i f ic 
antigens, analogs thereof, peptides derived therefrom and 
analogs and derivatives thereof of said peptides hereinafter, 
as long as the activated T cell recognizes an antigen in the 
NS of the patient. 

[0060] If the disease being treated by the NS-speeific 
activated T cells of the invention is an autoimmune disease, 
in which the autoimmune antigen is an NS antigen, the T cells 
which are used in accordance with the ore sent invention for 
the treatment of neural damage or degeneration caused by such 
disease are preferably not activated against the same 



autoi mmu n e a n t 1 } e n i n volvei in the; disease. While the p r i o r: 
art has described methods of treating autoimmune -diseases by 
administering activated T iv-lls to create a tolerance te the: 
autoimmune antigen, the T cells of the present invention are 
not administered in such a way as to sreate tolerance, out are 
administered in sueh a way as to create accumulation of the T 
cells at the site of injury or disease so as to facilitate 
neural regeneration or to inhibit neural degeneration. 

[0063] The price: art also discloses uses of immunotherapy 
against tumors, including brain tumors, by administering T 
cells specific to an NS antigen in the tumor so that such T 
cells may induce an immune system attack against the tumors. 
The present invention is not intended to comprehend such prior 
art techniques. However, the present invention is intended to 
comprehend the inhibition of neural degeneration or the 
enhancement of neural regeneration in patients with brain 
tumors by means other than the prior art immunotherapy of 
brain tumors. Thus, for example, NS-specific activated T 
cells, which are activated to an NS-antigen of the patient 
other than an antigen which is involved in the tumor, would be 
expected to be useful for the purpose of the present invention 
and would not have been suggested by known immunotherapy 
techniques . 



2 7 — 



[0064] The NS-speci f ic activated T cells are preferably 

autologous, most preferably of the CD4 and/or CDS phenotypos, 

but they may also be serai -a 1 1 oqene i a T cells :>r al locjene : c T 

cells from related djnors, e.g.,, siblings, parents, children, 

or from donors with the same HLA type ( HLA-ma toned) or a very 

similar HLA type (HLA-oartially maccned) , or even from 

unrelated donors . 

[00651 Thus, in addition to the use of autoloaous T cells 
- - —j 

isolated from the suoject, the present invention also 
comprehends the use of semi -a i l.ogene i c T cells for 
neuroprotection. The T cells may be prepared as short- or 
long-term lines and stored by conventional cr yopreserva t i an 
methods for thawing ~nd administration, either immediately or 
after culturing for 1-3 days, to a subject suffering from 
injury to the CNS and in need of T-cell neuroprotection. 

[0066] The use of semi -al loceneic T cells is based on the 
fact that T cells can recognize a specific antigen epitope 
presented by foreign APC, provided that the APC expresses the 
MHC molecule, class I or class II, to which the specific 
responding T-cell population is restricted, along with the 
antigen epitope recognized by the T cells. Thus, a semi- 
allogeneic population of T cells that can recognize at least 
one allelic product: of the subject's MHC molecules, preferably 
a class II HLA- DR or HLA-DQ or other HLA molecule, and chat is 



s p e cific for a NS- ass :>:iated a n t 1 g e :\ op i t; o p e , will be a b 1 e t o 
r: e ::>qnize :he N S ant i g -a n 1 n t n -a s u ra ; e c : t. ' s ;irea a f N 3 da m a a -a 
a.ai produce the needed neuroprotective -affect. There is 
little or no polyma rph ism i:a the adhesion molecules, leukacyte 
migration molecules, anal accessary molecules needed for the T 
cells to migrate to the area of carnage, accumulate there, and 
undergo activation. Thus, the sem i .- a 1. Logeneic T cells will be 
aole to migrate ano accumulate at "he h\;C ? i te in need of 
neuroprotection and will be activated to produce the desired 
e f f ect . 

[0067] It is known that semi -a 1 1 a geneic T cells will be 
rejected by the subject's immune system, but that rejection 
requires about two weeks to develop. Hence, the semi- 
allogeneic T cells will have the two-week window of 
opportunity needed to exert neuroprotection. After two weeks, 
the semi-allogeneic T cells will be rejected from the body of 
the subject, but that rejection is advantageous to the subject 
because it will rid the subject of the foreign T cells and 
prevent any untoward consequences of the activated T cells. 
The semi-allogeneic T cells thus p roviae an important safety 
factor and are a preferred embodiment. 

[0063] It is known that a relatively small number of HLA 
class II molecules are shared by most individuals in a 
population. For example, about 5 0 h of the Jewish population 




express the HLA-DR5 gene. Thus, a bane <>i specifi: T cells 
reactive to NS-antiqen epitopes tnat ,ir^ restricted to HLA-DR5 
would be useful ir. 50% of that pjpulation. The entire 
population can be covered essentially oy a small number of 
5 additional T cell lines restricted to a few other prevalent 

H1.A molecules, such as DR1, DP A , oR2 , etc. Thus, a functional 
bank of uniform T cell lines can oe prepared and stored for 
immediate use in almost any individual in a aiven DODulatinn. 
Sucn a ban}; of T cells would overcome- any technical problems 

- 0 in obtaining a sufficient number of specif ic T cells from the 
subject in need of neuroprotection during the open window of 
treatment opportunity. The semi-all ;geneic T cells will be 
safely rejected after accomplishing their role of 
neuroprotection. This aspect of the invention does not 

15 contradict, and is in addition to the use of autologous T 
cells as described herein . 

[0069] The NS-specific activated T sells are preferably 
non-attenuated, although attenuated US-specific activated T 
cells may be used. T cells may be attenuated using methods 

20 well-known in toe art including, bat not limited to, by gamma- 
irradiation, e.g.,, 1.5-10.0 Rads > Ben-Nun et al, 1981; Ben- 
Nun and Cohen, 1982); and/or by pressure treatment, for 
example as described in U.S. Patent No. 4,996,194 (Cohen et 
al); and/or by chemical cross-linking with an agent such as 
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formaldehyde, g I u o a r_a L dehyde and the 1 i ke , ior example as 
described in N.S Patent No. 4,996,1 5-1 Cohen et al); and/or by 
e rose- 1 inking and photoact ivat ion with light with a 
pho tea ot i va t ab 1 e psoralen compound, for example as described 
5 in U.S. Patent No. 5,114,721 (Cohen et al ) ; and/or by a 
cyoos kelet a 1 disrupting agent such as oytochalsin and 
colchicine, for example as described in U.S. Patent No. 
4,996,194 (Cohen et al). In a preferred embodiment tne US- 
specific activated T cells are isolated as described below. T 

10 cells can be isolated and purified according to methods known 
in the art (Mor and Cohen, 1995) . For an illustrative 
example, see Example 1, Materials and Methods. 

[007 0] Circulating T cells of a subject which recognize an 
US-antigen are isolated and expanded usorng known procedures 

15 (Burns et al, 1982; Pette et al, 1990; Martin et al, 1990; 
Schluesener et al, 1985; Suruhan-Dires Keneli et al, 1993, 
which are incorporated herein by reference in their entirety) . 
In order to obtain NS-specific activated T cells, T cells are 
isolated and the NS-specific activated 1 cells are then 

2 0 expanded . 

[0071] The isolated T cells may be .activated by exposure of 
;:he cells to one or more of a variety of natural or synthetic 
US-specific antigens or epitopes as described in section on 
NS-specific antigens, analogs thereof, peptides derived 
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therefrom a n d an cj : c ; q s a r i d derivatives thereof of a a i d p e p t : a o s 
hereinafter. During ea vivo activation of the T cells, the T 
cells may be activated by culturing in medium to A r hi :n at 
least one- suitable growth promoting factor has been added, 
5 such as cytokines, e.g., TMF-a, IL-2 and/or IL-4 . 

[0072] In o-ne emboo;ment, the US-specific activated T cells 
endogenously oroduce- ^ substance that ameliorates the effects 
of injury or disease in the NjS. 

[0073] In another embodiment, the NS-specific activated T 

10 cells endogenously produce a substance that stimulates other 
cells, including, but not limited to, transforming growth 
factor-p (TGF-(i>, nerve growth factor (NGF) , neurotrophic 
factor (NT- 3), r.eu .rot. rophi c factor 4/5 (NT-4/5), brain 
derived neurotror-hi :: factor (BDNF); IFN-y and IL-6, wherein the 

15 other cells, directly or indirectly, ameliorate the effects of 
injury or disease. 

[0074] FoLlowin? their proliferation in vitro, the T cells 
are administered to i mammalian, preferably a human, subject. 
T cell expansion ls preferably performed using peptides 

20 corresponding to sequences in a non-pathogenic, NS-specific, 
self -protein . 

[0075] A suoject can initially be immunized with an NS- 
specific antigen using a non-pathogenic peptide of the self- 
protein. A T-cell preparation can be prepared from the blood 



of such immunized sub jocts, preferably from T cells selected 
for their specificity towards the NS-specific antigen. Trie 
selected T cells can then be stimulated to produce a T cell 
line specific to the self-antigen (Ret-Uuri and Cohen, 1 : :■ 2 ; . 

[0076] NS-spec i f lc; antigen activated T ceils, obtained as 
described above , can be used immediately or may be prese rved 
for later use, e.g.,, bv cryopreservation as described below. 
M 3 - s p e c i f i c a c tivst e d T < z e 1 L s ma y a 1 s o b e obtained usina 
previously cryopreserved T cells, i.e., after thawing the 
cells, the T cells may be incubated with NS-specific antigen, 
optimally together with thymocytes, to obtain a preparation of 
NS-specific activated T cells . 

[0077] As will be evident to those stilled in the art, the 
T cells can be preserved, e.g.,, by cryopreservation, ei tner 
before or after culture. 

[007 8] Cryopreservation agents which can be used include, 
but are not limited to, dimethyl sulfoxide (DMSO) (Lovelock 
and Bishop, 1959; Ashwood-Smith, 1961) , polyvinylpyrrolidone 
(Rinfret, 1960) , glycerol, polyethylene glycol (Sloviter and 
Ravdin, 1962) , aloumin, dextran, sucrose, ethylene glycol, i- 
erythritol , D-ribitol, D-mannitol ( Rowe et al, 1962), D- 
sorbitol , i-inosi tol , D-lactose, choline chloride (Bender et 
al, 1960), amino asids i Phan The Tran and Bender, I960), 
methanol , acetamide , glycerol monoa cetate (Lovelock, 1954) , 
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inorganic salts (Phan The Tran ana Mender, I960 and 1961) ana 
DM SO combined with hydr cxyechyl star ch and human serum alt urn in 
( 2 a roul is and Leiderman , 1 9 8 0 ) . 

[0079] A controlled cooling race is critical. Different 
5 c r y o p r o c ecti ve agents ( F; a p a c z e t a 1 , 1 9 6 8 ) and different c ell 
t vpes have different opt imai cool ing rates. See, e . g . , , F.owe 
and Rinfret, 1962; Rowe , 19-~6; Lewis et el, 1967; Mazur, 1^70) 

■F ,--s v- - -f ,-n — ^ £ -,1 i n.-f t 1 i — \ ■ f". m ^ 1 i r" r i -; r ,^ ] ( -> ^ rpl 1 c qnii O v " 

their transplantation potential. The heat of fusion phase 
10 where water turns to ice shou Id be mi n imal . The cooling 

procedure can be carried out by use of, e.g.,, a programmable 

freezing device or a methanol bath procedure. 

[0080] Programmable freezing apparatuses allow 

determination of optimal coding rates and facilitate standard 
15 reproducible cooling . Programmable ::ont rolled -rate freezers 

such as Cryomed or Planar permit tuning of the freezing 

regimen to the desired cooling rate curve. 

[0081] After thorough freezing, sells can be rapidly 

trans f erred to a long-term cryogen 1 storage vessel . In one 
20 embodiment, samples, can be cryogeni sally stored in mechanical 

freezers, such as freezers that maintain a temperature of 

about -80°C or about -20°C. In a preferred embodiment, samples 

can be cryogenical ly stored in liquid nitrogen (-196°C) or its 

vapor . Such storage is greatly facilitated by the 
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availability of highly efficient Iran id nitrogen 

ref ri :jet a tors, which resemble large Thermos containers with an 
e>:tre:moLy 1 ov/ vacuum and internal super insulation, such that 
neat leakage and nitrogen losses are oept to an absolute 
m i.n imam . 

[00 31!] Considerations and procedures for the manipulation, 
c r yop reserva t i on , and long term storage -of T cells can be 
found, * r or examnle. in the f r> 1 1 ew i n-i re f ■=■ re n oe s . inoornorateH 
oy reference herein: Gorin, 19c: 6; 3 one-M a r row Conse rvat i on , 
Cu Iture and T ransplantation, 1 9 6 3 . 

[003 3] (Other methods of cryoprese r v at I on of viable cells, 
or modifications thereof, are available and envisioned for 
use, e . g . , , cold metal-mirror techniques. See Livesey and 
tinner, 1937; Linner et al, 1986; sec also U.S. Patent No. 
4,199,012 by Senken et al, U.S. Patent No. 3,753,357 by 
Schwartz, U.S. Patent No. 4,55 9,2 93 oy Fahy. 

[0034] Frozen cells are preferably thawed quickly (e.g.,, 

in a water bath maintained at 3 7-4 7°C) and chilled immediately 
upon thawing. It may be desirable to treat the cells in order 
to prevent cellular clumping upon thawing. To prevent 
clumping, various procedures can be used, including but not 
limited to the addition before or after freezing of DNAse 
(Spitzer et al, 1980), low molecular weight dextran and 
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citrate, oitraru, tydroxyethyl starch (:;ti. !. f et al, 1983), our 
a c id c i t r a t c d c x * . r ■ < j a e Z-j roulis ana 1 L o 1 do r m a a , 1 9 8 0 ) , e t c . 

[0985] The c r yep r a t oc: t i ve agent, if taxic In numans, should 
be remaved prior- to therapeutic use of toe thav/od T cells. 
5 One way in w.nich to re nave the cr y apr a t e a t i ve aaent is by 
dilution t a an iroignda.cant concent rat i an . 

[0086] Once frozen T cells have been thawed and recovered, 
t hie v a ra- u a e :1 to oroni at e neuron rot era i on as described ner^in 

-i L L. 

with respe;:t. to non-f r:zen T cells. -Once thawed, the T cells 
10 maty be used immediately, assuming that tney were activated 

prior to freezing. Preferably, however, the thawed jells are 
cultured before inject Ian to the patient in araer to eliminate 
r an - v i. able eel Is . F a r t ne rmore , in the c:urae a f this 
calturing over a period of about ane to three days, an 
15 appropriate activating agent can be added so as to activate 
the cells, if the frozen cells were resting T tells, or to 
help the cells achieve a higher rate : f activation if they 
were activated prior to freezing. Usually, time is available 
to a Haw so ah a coulturing step prior to administration as the 
20 T cells may be administered as long as a week after injury, 
and possiioiy longer, and still maintain their neuro- 
regenerat i ve and neuroprotective effect . 

[0087] To minimize secondary damage after nerve injury, 
patients can be treated by administering autologous or sema- 
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allogeneic T lymph ;oytos sensitized to at least one 
appropria: e NS-ant i.qen . As the window o: opportunity has not 
yet been precisely defined, therapy should be administered as 
soon as possible after trie primary injur;/ to maximize the 
chances of success, preferably within about one week. 

[0038] To bridge the gap between the time required f c r 
activation ariui the tine needed for treatment, a bank with 

_ . , .u „ i ,-, ■ r ^ A _ . --, l l ,-. ^ ■! — ,^ >- 3 1 1 .^rfan^ -i ^ T r* 1 1 d r 1 ^ n 
dULUlU'JUUD , O 'ri L L _L oi _l _i_ ^, > j _ i i j_ ^ j.- l^. _i_ -j / ^ — 4. x ~ -l. w — — — — ■ - 

established for future use. 

[0089] Thus, in another embodiment, the invention provides 
cell banks that can be established to store NS-sensrt i ;:ed T 
cells for neuroprotective treatment of individuals at a ^ater 
tine, as needed. 

[0090] In one embodiment, autologous T cells may be 
obtained from an individual and the cell bank will contain 
personal vaults of autologous T lymphocytes prepared for 
future use for neuroprotective therapy against secondary 
degeneration m case cf NS injury. T lymphocytes are isolated 
from the blood, sensitized to a NS-antigen, and the cells are 
then frozen and suitaoly stored under the person's name;, 
identity number, and olood group, in a cell bank until needed. 

[0091] Additionally, autologous stem cells of the CNo can 
be processed and stored for potential use by an individual 
patient in the event of traumatic disorders of the NS such as 
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ischemia or mechanic-* I ! n jury, wf mil « for treating 



1. 1 -< -U 



^degenerative conditions such as Alzheimer's disease or 



Parkinson's disease. 

-0092] Alternatively, allogeneic or semi-allogeneic T ceils 
5 may be stored such that a bank of T ::ells of each of the most 
common MHC-class LI types are present. The semi-allogeneic or 
allogeneic T cells are stored frozen for use by any individual 
who shares one KHi type II molecule with the source or tne i 
cells . 

10 [0093] In case an individual is to be treated for an 

injury, preferably autologous stored T cells are used, but, if 
autologous T cells are not available, then cells should be 
used which share an MH ".' type II molecule with the patient, and 
these would be expected to be operable in that individual. 
15 [0094] The cells are preferably stored in an activated 

state after exposure to an US-antigen or peptide derived 
therefrom. However, the ceils may also be stored in a resting 
state and activated once they are thawed and prepared for use. 
The cell lines of the bank are preferably cryopreserved . The 
20 cell lines are prepared in any way which is well known in the 
art. Once the cells are thawed, they are preferably cultured 
prior to injection in order co eliminate non-viable cells. 
During this culturing, the cells can be activated or 
reactivated using the same NS-antigen or peptide as used in 



the- original activation. Alternatively, activation may be 
achieved by culturing in the presence of a mitogen, such as 
phytohemagglutinin ( PHA ) or concanavahn A (preferably the 
former). This will place the cells into an even higher soate 
5 of activation. The few days that it takes to culture the 
ceils should not be detrimental tc the patient as the 
treatment in accordance with the present invention may occuo 
still b e effective. Alternatively, if time is of the e s s e n c e r 
any time up to a week or more after one injury in order t, the 
10 stored cells may be administered immediately afcer thawing. 

NS-SPECIFIC ANTIGENS , ANALOGS THEREOF, PEPTIDES DERIVED 
THEREFROM, AND ANALOGS AND DERIVATIVES THEREOF 

[0095] The term "NS-specific antigen" as used herein refers 
to an antigen of the NS that specifically activates T cells 
15 such that following activation tine activated T cells 

accumulate at a site of injury or disease in the NS of the 
patient . 

[0096] The NS~specific antigen used according to the 
present invention may be an antigen obtained from NS tissue, 
20 preferably from tissue at a site of ::N3 injury or disease. it 
may be a crude NS-tissue preparation, e.g.,, derived from NS 
tissue obtained from mammalian NS that may include cells, both 
living or dead cells, membrane fractions of such cells or 
tissue, etc., and may be obtained by an NS biopsy or necropsy 

- 3 9 - 



I r om a ma mm a I , preferably h um an, t lss u ■ i. nc L u d i n g , but not 

I I ri i t e d to, from a site of C N 3 i n j u r y ; f. r o m :: a d a v e r s ; a n d f r om 
cel. 1 lines grown in culture. 

[0097] In :>ne embodiment, the N3-spe z c f i c antigen is an 
5 i .vihe^d or purified antigen. The NS-specifi.c antigen may be 
isolated and purified by standard methods including 
;:n roma t.ography (e.g.,, ion exchange, affinity, and sizing 
o o 1 oi mn o h r om a o o g r a p h y ) , centrif u g a t ion , ~ I i f f e r e n t i a 1 
solubility, or by any other standard technique for the 
10 purification of antigens. The funcoio.ual properties may be 
evaluated using any suitable assay. Additionally, an NS- 
specific antigen may be a protein obtained by genetic 
engineering, onemically synthesized, e t o: . 

[0093] In the practice of the invent ico, natural or 
15 synthetic NS-specific antigens are preferred and include, 
without being Limited to, myelin basic protein (MBP) , 
proteolipid protein (PLP) , myelin oligodendrocyte glycoprotein 

(MOG) , myelin-assc'ciated glycoprotein (HAG), 3-100, p-amyloid, 
Thy-L, ?0, P2, neurotransmitter receptors, Nogo and Nogo 
2 0 receptor (NgR) . 

[0099] Specific illustrative examples of useful NS-specific 
antigens induce but are not limited to, human MBP, depicted 
in Fig. 21 (SEQ ID NO: 12); human F LP , depicted in Fig. 22 (SEQ 
ID NO: 13); human MOG, depicted in Fig. 23 (SEQ ID NO: 14), rat 
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Nogo A , B a n cl C (Chen e t a .1. , 2 0 0 0; WO 00/31 0 3 5 ) ( 0 K Q I 0> 
N0>s:13, 2D and 21), peptide p472 (SEO ID NO:10), human Nogo A, 
B and C (Prinjha et al, 2 00 D'i (OEQ ID HQs : 2 3 -1 5) , and human or 
mouse Nogo receptor (NgR) (Eounoier et al, 2001 i (3 EC 10 
NC>s:20 aioo 27, reopecoively i . 

[0100 J Also encompassed by the present invention are 
analogs of NS-spec i f" i c antigens including, but not being 

"1 -I w\ -I +- , i- - t-v. .- 1 . -\ 1 -i 1 -\ -• ( -> 1 -,mn'r i o i ri v~ ^ r^r i , " t m ■"• V- ~ — ~, y- ( zr. 

± J.ULX L ^ , _ . 1'-' C- 1 L l'- 1 -L '-- l-i 1- . — — ■ '_'_'illp.L X U -LI i^j -1- j_ ' J 1 _ * . . _ j_ •_■ 

substant i.ally homo logous to the full-length NS-spesi tic 
antigen, or fragments thereof. In various embodiments, these 
analogs will have at least 00s or 70% or 80o or ?C£ :-r 051 
identity over an amino acid sequence of identical sice or when 
compared oo an aligned sequence in which the alignment i.s done 
by a computer homolo»gy program known in the art or whose 
encoding nucleic acid is capable of hybridising to a coding 
nucleotide sequence of the full-length NS-specific antigen, 
under high stringency, moderate stringency, or low stringency 
conditions. Computer programs for determining homology may 
include, out are not limited to, TBLASTN, BLAST?, EA3TA, 
T EAST A, and CL'JSTALW (Pearson and Lipman, 193*; Alto thai et 
al, 1900; Thompson, et al, 1004; Higgins, et al, 19on). 

[01.01] The NS-specific antigen analogs of the invention can 
be produced oy various methods known in the art . Tne 
manipulations which result in their production can occur at 
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the gene or protein level. For example, a cloned gene 
sequence can be modified by any ol numerous strategies known 
in the art (Martiatis, 1?90; . Th* sequence can be -leaved at 
appropriate sites with restriction en ilonuclease ' s ) , fV lowed 
5 by further enzymatic modification if desired, isolate:!, and 

ligated in vitro. 

[0102] Additionally, the coding nucleic acid sequence :an 
be mutated in vitro or in viv:\ to create and/or destroy 
translation, initiation, and/ or termination sequences, or to 
10 create variations in coding regions and/or form new 

restriction endonuclease sites or destroy preexisting ones, to 

further in vitro modification. Any technique for 
mutagenesis known in the art can be used, including but not 
limited to, chemical mutagenesis, in vitro site-directed 
15 mutagenesis (Hutchinson, et al, 1978), etc. 

[0103] Manipulations may also be made at the protein level. 
Included within the scope of the invention are NS-specific 
antigen derivatives which are differentially modified during 
or after translation, e.g.,, by glycosylation , acetylation, 
20 phosphorylation, amidaticn, cer ivati zation by known 

protecting/blocking groups, proteolytic cleavage, linkage to 
an antibody molecule or ether cellular ligand, etc. Any of 
numerous themical modifications may be carried out by known 
techniques, including but not limited to specific chemical 



cleavage by cyanogen bromide, 



t. r y p s i n , ch y mo t rypsin, p a p a i n , 



V8 protease, NaBH 4 ; 



acet y 1 a t i. on , f o rmyl at ion , ox idat ion , 



reduce ion; metabolic synches is 



in ".he prese n c e o 



tunicamycin ; 



etc . 



[0104] In a preferred eml 



jociirnen:, the invencioo; relates to 



ep'tiOes olerived from NS-sp-ecif ic 



mtioens or fioom analogs 



thereof and to analogs or derivatives of said peptides, which 



one or more known functional activities associated with a 
full-length NS-specific antigen. Such functional activities 
include, but are not limited :o, antigenicity (ability to 
bind, or compete with an US-antigen for binding, to an anti- 
NS-specific antibody) , imrnunogen icity (ability to generate 
antibody which binds to an NS-specific protein) , and ability 
to interact with T cells, resulting in activation comparable 
to that obtained using the corresponding full-length NS- 
specific antigen. The crucial test is that the antigen which 
is used for activating the T cells causes the T cells to be 
capable of recognizing an antigen in the NS of the mammal 
(patient) being treated. 

[0105] The NS-antigen derived peptide may be either: (1) 
an immunogenic peptide, i.e., a peptide that can elicit a 
human T-eell response detected by a T-cell proliferation assay 
or by cytokine, e.g., IFN-y, IL-2, IL-4 or IL-10, production, 



ran c 



1 1 o n a 1 1 y dctive, i.e., 




'■■•) ,i "cryptic epitope" (also designated nereir; as 



"irnmurosilent." or "non- immunodominant " epitope), 



e . , a 



peptide that by itself can induce a T-cell immune response 
that is not induced by the whole antigen protein (see Moalem 
e t a 1 , 1 9 9 9 ) - 

[OICM:",] A peptide derived :rc::i a HS-s P eci;i: antigen 
.referablv has a sequence comprised within the NS-specific 



io n <~. r- R n 



antigen sequence and has at leas-. iu, . • '' 

t'. ' . • J us amino acids of the ^-specif ic antigen sequence. 
In one embodiment, the peptide derived from an MS-specific 
antigen is a "cryptic epitope" of the antigen. A cryptic 
epitope activates specific T ceils after an animal is 
immunized with the particular peptide, but not with the whole 
antigen. Cryptic epitopes for use in the present invention 
include, but are not limited to, peptides of the ME? sequence 
peptides pll-30, p51-70, P 87-99, P 91-110, P 131-150, and plSl- 
17C. Such cryptic epitopes are particularly preferred as T 
cells activated thereby will accumulate at the injury site, 
but .£,re particularly weak in autoimmunity. Thus, they would 
be expected to have fewer side effects. 

;<H0''] In another embodiment, the peptide derived from an 
HS-specif ic antigen is an immunogenic epitope of the antigen. 

[1108] Examples of further peptides according to the 
invention are immunogenic peptides derived from the Nogo 



5 



The 



pi:0 ,, ;1:: r ..,, u ence such as, but not being U-i^- ^ l8 ~^ 

fl ,, 7:: N , qo „, f . t ide <3EQ ID »0:ie. and peptide — ^ ™ tfe 

Hog . ; receptor fFourmer et ai, 2^0-) -u~n 

peptides of the sequences: 

S G V P S N L P Q R 1 A G R D (SEC ID -:23) 

T F .? H C F L G Q A G S G S S <SEy ID t::»:2?) 
[0109] in still another embodiment of the inv-:-:it :,,n , the 

peotiie is an analog of a peptide aenveo „ ■ - 

antigen that is immunogenic but not encepha i itogem . 
i0 most " suitable peptides for this purpose are thos, in which an 

encephalito-genic self-peptide is modified at tne- T-cell 
i receptor (TCP) binding site and not at the MHC ending 

site-.s), so that the immune response is acu-ar, J but not 
anerqized irVarin et al, 1998; Vergelli et al, l-^. 
15 ;0 1U:] These analogs, also referred herein a.- led 

peptide, or altered peptides, may be produced by replacement 
of one or mere amino acid residues of the peptide oy other 
ammo a.id residues, preferably in their TCP bir.ding site. 
Suitable replacements are those in which charge,! ammo 

t ■ „ 2 rnininp ar>- replaced by 
' - i-^ l u« nrolme or argnn-iL. oi - i 

20 res.io.ues ...i.Le lysine, f^j- 11 

cv r pyairnle, altered peptides 
glycine or alanine resiaues. For example, 

can be produced from peptides pll-30, P 51-70, t .*7-*9, P 91-110, 
P 131-1^0, and plSl-170 of human MBP, for example from the P 87- 
,9 peptide m which the lysine 91 is replaced oy glycine 
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a: _i/ . r 1 1 e p r o line 9 6 i. s r e p laced by an alam n e r. o s i a i ; e , thus 
converting an encephalitogenic peptide in immunogenic out non- 
enceohalitcqernc peptide tnat still recognizes t.he TCR. In the 
same way, altered peptides can lee produced train the 
encephalitogenic p4^;; Nogo peptide (Nogo p6l3-eaC) by 
replacement : f the lys 623 residue and from the Nogo receptor 
peptides above by replacement of the arg (R; residue by Val or 



Ala o r ari'")t rer s Lmi ._ar jesidU' 



[0111] In addition, the analogs also comprise replacement 
of one or more amino acid residues of the peptide or addition 
to the peptide of nan-natural amino acids including, but not 
limited to, the D-isomers of the common amino acids, «- 
aminoisobutyr ic acid; 4-ammobutyric acid (Abu); 2 -Abu (y-Abu) ; 
6-amino hexanoic acid (e-Ahx); 2-aminoi sobuc yr ic acid (Aib) ; 
3-aminopr apionic acid; ornithine; norleucme (Hie!; norvaline 
(Nva); hydroxyproline; sarcosine; citrulline; cysteic acid; t- 
butylglycme; t-butylalanine ; phenylgylcine ; 

cyclohexylalanine; p-alanme; f luoro-amino acids; designer 
amine: acids such as p-methyl amino acids, Ca-methy 1 amino 
acids, lo-methyl amino acids, and amino acid analogs in 
general. Furthermore, the amino acid can be- h (dext rorotary ) 

or L ( le** or ooary ) . 

[0112' Furthermore, the invention also comprises chemical 
derivatives of the peptides of the invention including, but 



- 46 - 



not being limited to, est.ers or bcth carboxylic and nydrcxy 
groups, amides, and the Like. 

[Oil?] The NS-speoific antigen peptides of the invention 
can be chemically synthesized. For example, a peptide 
correspondina to a portic n of an antigen which comprises the 
desired domain or which mediates the desired activity can be 
synthesized by use of a } eptide synthesizer. 

L U J i 4 J 1 I 1 e LUllCL^Uiidl d -L y _l L- y w i- l * ^ > o ^> ^ — -i_ -i- ->~ ^ ^ ^ — r j - - - — - - — 

peptides derived therein >m and analogs and derivatives thereof 
can be assayed by various methods known in the art, including, 
but not limited to, T-cei.l proliferation assays (Mor and 
Cohen, 1995) and cytokine production assays. 

[0115] An NS-specific antigen or peptide derived therefrom 
or derivative thereof may be kept in solution or may be 
provided in a dry form, e.g., as a powder or lyophil izate , to 
be mixed with appropriate solution prior to use. They may be 
used both as ingredients of pharmaceutical compositions for 
neuroprotection and preventing or inhibiting the effects of 
injury or disease than result in NS degeneration or for 
promoting nerve regeneration in the N3, particularly in the 
CNS as well as for in vivo or in vitro activation of T cells. 
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NUCLEOTIDE SEQUENCES ENCODING NS -ANTIGENS AND PEPTIDES DERIVED 
THEREFROM 

[Olio] 'rne present 1 1 1 v toi ■. - ^ ■ j . : u i. lh^l b - j_ ^ v _^ - 
pharnaceutical compositions coicpr i sing a therapeutically 
effective amount of a nucleotide sequence encoding an NS- 
speci.fi-; antigen or a peptide derived tnerefrcn or an analog 
thereof and methods of use of such compositions to promote 
nerve regeneration or for neuroprotection and prevention or 
inhibit .on of neuronal defeneration in the CMS or PNS in which 
the -amount is effective t:> ameliorate the effects of an injury 

or ^disease of the NS. 

[0117] Specific illustrative examples of useful nucleotide 
sequences encoding NS-speeific antigens or peptides derived 
from an NS-specific antoj-n include, but are not limited to, 
nucleotide sequences encoding rat MBP, depicted in Fig. 15 
(SEQ ID NO:l); human MB? , depicted in Fig. 16 (SEQ ID NO : 2 ) ; 
human ?LP, depicted in Fi;is. 17(A-F) (SEQ ID NOs:3-8); human 
MOG , depicted in Fig. 10 b3EQ ID :I0:9); rat PLP and variant, 
depicted in Fig. 19 ( SEQ ID NO: 10) ; rat KAG, depicted in Fig. 
20 f SEQ CD NO: 11); rat Kcgc (SEQ ID NO: 17); and human Nogo 
(SEQ lb NO:22). Other illustrative examples are the 
nucleotide sequences disclosed in Chen et al (2000), Priniha 
et al 2000) and Fournier et al (2001) (the contents of each 
of which being hereby incorporated herein by reference) 
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c n c c )■■ i i n g r at an 



N g P. . 



d human I log a A, B ani C and n^ust and human 



THERAPEUTIC USES 

[01131 The T cells, HS-specific antigens, analogs thereof, 

5 peptides derived therefrom and analogs and derivatives 

thereof, and nucleotide sequences aesenbed in the previous 
sections and compositions comprising them may be used to 
promote nerve regeneration or to confer neuroprotection and 
prevent or inhibit secondary degeneration which may otherwise 
10' follcw primary NS injury, e.g.,, spinal cord injury, blunt 
trauma, penetrating trauma, hemorrhagic stroke, ischemic 
stroke or damages caused by surgery such as tumor excision. 
\ . ■ re- 1191 In 'addition, such compositions may be used to 

u 

ameliorate the effects of disease that result in a 
15 degenerative process, e.g.,, degeneration occurring in either 
gray or white matter (or both) as a result of various diseases 
■or disorders, including, without limitation: diabetic 
neur >pathy, senile dementias, Al zheimer ' s di sease , Parkinson's 
dose.se, facial nerve (Bell's; palsy, glaucoma, Huntington's 



20 ohoroa, amyotrophic lateral sclerosis (ALS), no n-arterit ic 
optio neuropathy, intervertebral disr herniation, vitamin 
deficiency, prion diseases such as Creutzfeldt- Jakob disease, 
carpal tunnel syndrome, peripheral neuropathies associated 
with various diseases, including but not limited to, uremia, 
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,7>- -m - . ro :z f- Vi i ^ . 



pcrphvri hypoglycemia, Sjorqren Larsson syndrome, acute 
censor/ neuropathy, chronic ataxic neuropath/, Ciliary 
cirrus: s, P :inary amyloidosis, obstructive lung diseases, 
acr: , : ,,g c Iv, malabsorption syndromes, polycythemia vera, IgA 
and : ,G g imma-pat hies , complications cf vanou? dru:us e.g. 
mecr-nioau ole i and toxins (e.g.,, alcohol or 
orgar::. P hosphates) , Charcot-Marie-Tooth disease, ataxia 
rela.'i :iect risia, Friedreich's ataxia, ar.y-oi d o: 
adrenonyeloneuropathy, Giant axonal neuropatny, Re f sum's 
disease, Fabry's disease, lipoproteinemia , etc. 

L ,:12-3] In a preferred embodiment, the 11.3 -soee i f i o activated 
T cells, the 153-specific antigens, peptides derived therefrom, 
analogs and derivatives thereof or the nu ;1 e ot i des encoding 
said antigens, or peptides or any combinat i ■: n t.oereof of the 
present invention are used to treat diseases or disorders 
where promotion of nerve regeneration or prevention or 
inhibition of secondary neural degeneration is indicated, 
which are not autoimmune diseases or neoplasias. In a 
preferred embodiment , the compositions of the present 
invention are administered to a human subject.. 

: ;,121j While activated NS-specific T cells may have been 
useo in -he prior art in the course of treatment t ;, develop 
tcierance to autoimmune antigens in the treatment of 

f: immune diseases, or in the course of immunotherapy in the 



au 
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,- MO r ^. r o-,s^ present invention can also be 

treatment of MS nejpldoru., - 

!■ .... t hr- H.-npriPratLve process caused by 
used to amelroatc the ! ^- ! t-''- L:1 b 

or n ..-.,i a ^s as ] ona as it i s used m a 
autvimnune diseases 01 n,, r .a.^o as - _ 

c ^,u v v * w-b prior art methods. Thus, : :>r 
manner not suggested r-y -acu , i_ 

- , -^i^at.d bv an autoimmune antigen have been 
5 exarnpie, i ceii^ c^i.a..^ ^ 

+- - w uranre to the autoimmune 
^^i-^-i f -,v ush 1 ^o sreat-:: tol^ranee 

suggest to i 

, ^li.-rHtp the autoimmune disease. Such 

antigen and, ciu^, cima - L - 1L ' 

«,,/x«ac1-sH ^he use 31 r 

treatrr.erc, hc/w^ver, wju.^u 
• cells directed to other tIS antics or MS antigens wni ::h will 
10 not induce tolerance to ohe autoimmune antigen or T cells 

^ • ^t-rpH -n su.-h a way as to avoid creation of 
which are administered ±n ^u.i. a y 

to , eMK5 . Si«l«ly, for neoplasms, the effects of the 
present .mention ,an be obtained without usrno u».«„oth«.py 
: processes su,aested m the P ,:ror art by, for example, usm, an 
IS NS antr,en which does net appear in the neoplasm. T cells 
activated with each an ahti 3 en will still accumulate at the 
slte of neural degeneration and facilitate inhibition of this 
degeneration, even thouah it will not serve as immunotherapy 
for the tumor per se. 

->- * fr-nment thereof which are active 
20 i.Ol.oU No-go protein a ir..gmenu 

n rrr i^PraHnn have been disclosed as useful 
in inhibiting cell piwi-ud — 

for treatment of a neoplastic disease of the CNS such as 
glioma, glioblastoma, medul L oblastoma , craniopharyngioma, 
ependyoma, neuroblastoma and retinoblastoma. The present 
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invention does not err: o in p a s s t : : o ■ u s e o f N ■:> g ■: > o> r a p -3 p t i cl e 
derived therefrom for t ieea tree. ■; of neoplaoi^s in general, and 
for treatment of a neoplastic disease of the CMS, in 
oart iou far. 



FORMULATIONS AND ADMINISTRATION 

[ 0 1 1 o ] Tine present invent i on also provides pharmaceutical 
compositions useful in methods to promote nerve regeneration 
or to confer neuroprotection and prevent or inhibit neuronal 
degeneration in the CNS or PN3, comprising a therapeutically 
effective amount of at lease one ingredient selected from the 
group consisting of: 

[0 114] (a) NS -specific active. tea T cells; 

[Olio] (b) a NS-speci f i .c arc i gen or an analog thereof; 

[0116] (c) a peptioe derived from an NS-specific antigen 
or from an analog thereof, or an analog or derivative of said 
peptide ; 

[0117] (d) a nucleotide' sequence encoding an NS-specific 
antigen or an analog thereof; 

[0110] (e) a nucleotide sequence encoding a peptide 
derived from an NS-specific: antigen or from an analog thereof, 
or an analoa of said oertide; -or 

[Olio] (f) any combination of (a)-(e). 

[ 0 1 tO ] The compositions comprising ingredients (b.i and/or 
(c) above are also effective to activate T cells in vitro, 



wherein the activated T cells inhibit :>r ameliorate the 
effects of an injury or disease ot trie N3. 

[Cl?l] Pharmaceutical compositions for use in accordance 
with the present invention may be formulated in conventional 
manner using one or more physiologically acceptable carriers 
or excspients. The carrier (s) must be "acceptable" in the 
sense of being compatible with the other ingredients of the 
composition and not deleterious to the recipient thereof. 

[01 :, .t] The term "carrier" refers to a diluent, adjuvant, 
excipierit, or vehicle with wmch the therapeutic is 
administered. The carriers in the pharmaceutical composition 
may comprise a binder, such as mierocrystalline cellulose, 
polyvinylpyrrolidone (polyvidone >r povidone), gum tragacanth, 
gelatin, starch, lactose or lactose monochydra t e ; a 
disintegrating agent, such as aigLnic acid, maize starch and 
the like; a lubricant or surfactant, such as magnesium 
soearace or sodium lauryi sulphate; a glidant, such as 
colloidal silicon dioxide; a sweetening agent, such as sucrose 
or saccharin; and/or a flavoring agent, such as peppermint, 
methyl salicylate, or orange flavoring. 

[0152] Methods of administration include, but are not 
limited to, parenteral, e.g.,, intravenous, intraperitoneal, 
intramuscular, subcutaneous, mucosal (e.g.,, oral, intranasal, 
buccal, vaginal, rectal, intraocular) , intrathecal, topical 



and int. r-r ■ u ■: ma 1 routes. Administration can bo ^vsre:oi.>; or 
1 c > s a i . 

[0134! For era! administration, tho pharmaceut icai 
preparation nay be in liquid form, for example, .solutions, 
svrups or suspensions, or may oe presented as a drug product 
for reoonstitution with water or other suitable vehicle before 
use. -;uch liquid preparations may be prepared by conventional 
means v/itn pharmaceuticaily acceptable aoiditives sum as 
suspending agents {e.g.,, sorbitol syrup, cellulose 
derivatives or hydrogenated edible fats); emulsifying agents 
(e.g.,, lecithin or acacia); non-aqueous venici.es (e.g.,, 
almond oil, ::>ily esters, or fractionated vegetable oils); and 
preservatives (e.g.,, methyl or propyl-p-hydrco:ybenzoa + oes or 
sorb:; acid). The pharmaceutical compositions may take the 
form of, for example, tablets, lozenges or capsules prepared 
by conventional means with pharmaceuticaily acceptable 
excipients such as binding agents (e.g.,, pregeiacinized maize 
starch, poLyvinyl pyrrolidone or hydroxypropy 1 
methyloel lulose) ; fillers (e.g.,, lact ose, microc rysta Lline 
cellulose or calcium hydrogen phosphate); lubricants (e.g.,, 
magnesium soearate, talc or silica); disintegrant s (e.?.,, 
potato starch or sodium starch glycolate) ; or wetting agents 
(e.g.,, sodium lauryl sulphate). The tablets may be ooated by 
methods well-known in the art. 



[OIj'.s ; !'r'!oarations for oral administration may r> 
suitakil'.' formulated to give c:«n 



trolled release of the active 



ie 



o r . n 



r i e 



compoun ! . 

[013-] The compositions may be formulated for parenteral 
administration by injection, e.g.,, by bolus infection or 
continuous infusion. Formulations for injection may 
presented in unit dosage form, e.g.,, in ampoules 
multidose containers, with an added preservative, 
compositions may take such forms as suspensions, so.u:i)ns or 
emulsions in uly or aqueous vehicles, and may contain 
formula tory agents such as suspending, stabilizing and/or 
dispersing agents. Alternatively, the active ingredient may 
be in powder form for constitution with a suitable veniole, 
e.g.,, sterile pyrogen-free water, before use. 

[0137] The compositions may also be formulated .25 rectal 
compositions such as suppositories or retention enemas, e.g.,, 
containing 0 tnventional suppository bases such as cocoa butter 

or o t h r g 1 y c e r 1 d e s . 

[01 ?8] Fm: administration by inhalation, the compositions 
for use according to the present invention are conveniently 
delivered in the form of an aerosol spray presentation from 
pressurized packs or a nebulizer, with the use if .1 suitable 
propel iant, e.g.,, dichlcrodif luoromethane, t r i ch.l orof iuoro- 
methar.e, dichlorotetraf luoroethane, carbon dioxide or ither 



suitable gas. In the case ,,i a pr^sanzea a.r.- 
unit may be determined by providing a valve to deliver a 
metered amount. Capsules ana cartridges of, e.g.,, gelatin, 
for use in an inhaler or insufflator may be formulate i 

. . ,-^,,-1,-r- vi v of Pip compound and a suitable powder 

contaminq a powder r,ix or -"t --"t- 

base such as lactose or starch. 

[0139] In one embodiment, compositions comprising NS- 
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specific activated T cells, an US-specific antiqe 
derived therefrom, or derivative thereof, or a nucleotide 
sequence encoding such antigen or peptide, are formulated in 
accordance with routine procedures as pharmaceutical 
compositions adapted for intravenous or intraperitoneal 
administration co human beings. Typically, composicions for 
intravenous administration are solutions in sterile isotonic 
aqueous buffer. Where necessary, the composition may also 
include a soiubilizmg agent and a local anesthetic such as 
lignocaine to ease pain at the site of the injeccion. 
Generally, the ingredients are supplied either separately or 
mixed together. Where the composition is to be adn,i ni st ered 
by infusion, it can be dispensed with an infusion bott Le 
containing sterile pharmaceutic! grade water or saline. 
Where the composition is administered by injection, an ampoule 
of sterile water or saline for injection can be provide 
that the ingredients may be mixed prior to administratis 
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[0140] Pharmaceutical compos i. ' i.'ir,;; comprising NS-specitic 
antigen or peptide derived fnerefron or derivative thereof may 
optional-y be administered w:..th ar adjuvant. 

[0141. The invention also provide a pharmaceutical paok or 
5 kit comprising one or more cor.ta :nei ,: filled with one cr more 
of the ingredients of the pharmaoeut Leal compositions of the 
mven t ion . 

[0142] In a preferred erno .KiiiiKin. , u.c 

compositions of the invention are administered to a mammal, 
10 preferably a human, shortly after injury or detection of a 

degenerative lesion in the NS. The therapeutic methods of the 
invention may comprise administration of an US-specific 
activated T cell or an NS-spociiic antigen or peptide derived 
therefrom or derivative thereof, or a nucleotide sequence 
encoding such antigen or peptide, or any combination thereof. 
When using combination therapy, the NS-specific antigen may be 
administered before, concurrently or after administration of 
NS-specific activated T cells, a P o- P tide derived from an NS- 
specific antigen or derivative thei eof or a nucleotide 
20 sequence encoding such antigen or peptide. 

[0143] In one embodiment, the compositions of the invention 
are administered in combination with one or more of the 
following: (a) mononuclear phagocytes, preferably cultured 
monocytes (as described in P3T publication No. WO 97/0*985, 



15 
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whi.h i £ incorporated herein by efface in its entirety,, 
that have been stimulated to enhance trv-ir capacity to promote 

r rl ....-„, -r,r rnpH • c fa:t'jr such as 
neurona... regeneration, (d) a . i .. ^ . - - t- 

, n e^-^ »-- anH !- an anti-inflammatory 

acidic fibroblast growth fa-.L. r, aa. • - 

5 therapeutic suostance, e.g., an mti-inf iarnmatory steroid, 
such as dexamethasone or methyl-prednisolone, or a non- 
steroidal anti-inflammatory peptide, such as Thr-Lys-Pro 

(t;-;e ) : . 

I 10144] In another embodiment, mononuclear phagocyte cells 

according to PCT Publication do. WO 97/09985 and U.S. patent 
application Serial No. 09/041,. ihO, fi.ed March 11, 1>93, are 
injected into the site of injury or lot-- 
either concurrently, prior to, or tel. owing parenteral 
administration of NS-specific actuated T cells, an !1S- 
specific ant -gen or peptide, derived therefrom or derivative 
thereof, or a nucleotide sequence encoding such antigen or 
pept ide 

[0145. In another embodiment, administration of No-specific 



ion within the CNS, 



15 



20 



activated T -ells, NS-specific antigen or peptide sequence 
encoding such antigen or pepucie, may be administered as a 
sirigi e dose or may be repeated, preferably at 2-week intervals 
and then at successively lonqer intervals once a month, once a 

^ -^rw monrns ntr, The course of treatment 

quarter, once e^ery six moriLJb, _. . 

i Wrt ^+-v,o cov-r^l wprjrs or occasionally also 
may last several months, se/^rai jC a^b 



t h r a u oh '. [ t e - t 1. me a f the i n d .1 v i. :1 u a .1 , d e p e n d ire: e r. * a e 

a a i a : * : e o disease whi :h is being treated. i a tree- case :>f a 
CMS inyury, eho treatment may ranqe between severe L days t j 
mac. ths e: overi years, aneil the condition has stabilize:! and 
there is no or anly a iimited risk :>f tievel somen t of O3:ondary 
degenera 1 can. In snronic ham an disease or 8 a r k i n s an ' s 
disease, the t.oerapeutic treatment, in a a; a are an ::e with tea: 
i a vaa t i on may oe fan I a fa . 

[ 0 1 i 6 j A s will b e eviden t t -a e ho s e s a i lie ai i n t .a e art, the 
therapeutic effect depends at times -an the condition ar 
disease to be treated, on the individual 1 s age and real ah 
condition, on other physical parameters (e.g., gender, weight, 
etc.) of t h e i n d i v i du a 1 , as well a s on v a r i o u s o a n e r t a a t o r s , 
e.g.,, w h e t h e r the individual is t a k i n g o t h e r al r u g s , etc. 

[114 7] The optimal dose of the therapeutic compositions 

c omit r i s a n a N 8 - s r> eci f ic activated T cells of the i n v era i o n i s 

_j i. 

proportional to the number of nerve fibers affected by N8 
i n j u r y o r d 1 s ease at the site being treated. in a p r a- f e r red 
embod imen a , tine dose ranges from about a x 10 c to about 10' for 
treating a lesion affecting about 10 J nerve fibers;, such as a 
complete transection of a rat apt is nerve, and ranges from 
about It to about 10 for treating a lesion affecting about 
10° -10 nerve fibers, such as a complete transection of a 
human optic nerve. As will be evident to those skilled in the 
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art, the close of T cells can oe scaled up or down 



) oe 



proportion to the number of nerve fibers trougrt tc 
affected at the lesion cr site of injury being treated. 

[014 8] The following examples illustrate certain tea tares 
of the present invention but are not intended to limit the 
scope of the present invention. 

EXAMPLE 1: ACCUMULATION OF ACTIVATED T CELLS IN IN JURED OPTIC 

NERVE 

MATERIALS AND METHODS 

Animals 

[014 9] Female Lewis rats were supplied by the Animal 
Breeding Center of the Weizmann Institute of Science [F:ehovot, 
Israel), matched for age (8-1.1 weeks) and housed four to a 
cage in a light and temperature-controlled room. 
Media 

[0150] The T-cell proliferation medium contained the 
followinq: Dulhecco's modified Eagle's medium (DMEM, 
Biological Industries, Israel) supplemented with 2mM L- 
glutamine iL-Glu, Sigma, USA), SxitT 5 M 2-mercaptoet hanol (2- 
ME, Sigma), penicillin (100 Id/ml; Biological Industries), 
streptomycin (100 u/ml; Biological Industries), sodium 
pyruvate (1 mM; Biological Industries), non-essential amino 
acids (1 ml. '100 ml; Biological Industries) and autologous rat 
serum 11 (vol/vol) (Mor et al, 1090). Propagation medium 
contained: DMEM, 2-ME, L-Glu, sodium pyruvate, non-essential 
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amin :> acid- and ant, ib i. ot i cs in one same concent ra t i on ,i s aoovc 
with trio acdit ion of 10* tela: -mI f serum (ECS), and 10' T 
cell gr jwtr. fa:: :o (TGGE) obtained from the saporna:a n 1 ; of 
concanavaLin A- e t lmul a t ed spleen cells (Mor et al, 1 99 9) . 
Antigens 

[0151] >'3P f rem the spinal coras of guinea pigs was 
prepared as described ( H 1 r sh f eld , et al, 1970) . 'OVA was 
purchased from E i gma Git. "n.> n i - , Ml) . The pel -70 of too rat 
13.5kDa is: form of MB? (sequence: APVRGSGKDSHTFtTTHYG) ( SE-j ID 
NO: 15) ano the p2 77 peptide of the human hsp60 (sequence: 
VLGGGOALLEO'PAL:>3LTPANE:>) ( GEQ 1 o NO: 10) (Elias et al, 1091) 
were synthesized using the 9 - f 1 uoreny lmethoxyca rbony 1 ( Emoc) 
technique with an automatic multiple peptide synthesizer' (AMS 
422, ABIMED, Lengenfela, dermany) . The purity of the peptides 
was analyzed by HPLC and ammo acid composition. 
T Cell Lines 

[0152] T-cell lines were generated from draining lymph node 
cells obtained from Lewis rats immunized with an antigen 

(described above in Antigens) . The antigen was dissolved in 
PES (1 mg/ml) and emulsified with an equal volume of I EA 

(Difco Laboratories, Detroit, Michigan) supplemented with 4 
mg/ml Mycobacterium tuberculosis (Difco 15 Laboratories, 
Detroit, Mi). The emulsion (0.1 ml) was injected into hind 
foot pads of the rats. Ten days after the antigen was 




injected, the rats were kill, o ci a r i i d r a 1 n i n g 1 ymp h nodes were 
surgically removed and diss ociatod . The cells were washed and 
activated with the antigen : 1 0 ug/ml) in proliferation medium 

(descrioed above in Media). After intubation for 72 h at 31°C, 
5 90!; relative humidity and 7t 10 , the cells were transferred to 
propaga t ion medium (described above rn Media) . Cells were 
grown in propagation medium for 4-10 days before berng re- 
exposed to antigen (10 rig/mi) in foe presence of irradiated 
{2000 rad) thymus cells (10' cells/ml) in proliferation medium. 
10 The T cell lines were expanded by repeated re -exposure and 
propaga t ion . 

Crush Injury of Rat Optic Nerve 

[0153] Crush injury of the optic nerve was performed as 
previously described (Duvdevanr et. al, 1990). Briefly, rats 

15 were deeply anesthetized by l.p. injection of Rompum 

(xylazine, 10 rug /kg; Vitamed, Israel) and Vetaler (ketamine, 
50 mg/kg; Fort Dodge Laboratories, Fort Dodge, Iowa). Using a 
binocular operating microscope, a lateral canthotomy was 
performed in the right eye and the conjunctiva was incised 

20 lateral to the cornea. After separation of the retractor 

bult-i muscles, the optic nerve was exposed intraorbitally by 
blunt dissection. Using calibrated cross-action forceps, a 
moderate crush injury was inflicted on the optic nerve, 2 mm 



r *- r-n l ^t-prai nerve 
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RESULTS 

[0 155; b' i q . 1 shows accumulation of T colls measured 
immunohistocnemieally . Tne number or T cells was considerably 
higher in injured nerves rats injected with anti-MBP, anti-OVA 
or ant:i-p277 ceils; statistical analysis (one-way ANOVA) 
showed significant differences between T cell numbers in 
injured optic nerves of rats injected with anti-MBP, anti-OVA, 
or anci~[.v. / / i lchs ^na j.h -j-^ j uj - - ^ - ^ ^ w *■ * ^ ^ ■ - ~ — 
injected with PBS (P<0.001); and between injured ■optic nerves 
and uninsured optic nerves of rats injected witn iinti-MBP, 
anti-OVA, or anti-p277 T cells (P<0.001). 

EX AMPLE 2 : NEUROPROTECTION BY AUTOIMMUNE ANTI-MBP T CELLS 

MATERIAL AND METHODS 

[015'i] Animals, media, antigens, crush injury of rai optic 
nerve, sectioning of nerves, T cell lines, and immunolabel ing 
of nerve sections are described in Example 1, supra. 

Retrograde Labeling and Measurement of Primary Damage and 
Secondary Degeneration 

[015 ■] Prirrary damage of the optic nerve axons and their 
attached RGCs were measured after the immediate post-injury 
application cf the fluorescent lipophilic dye 4-Di-10-Asp) 
(Molecular Probes Europe BV, Netherlands) distal t3 the site 
of injury. Only axons that are intact are capable of 
transporting the dye back to their cell bodies; therefore, the 
number of labeled cell bodies is a measure of the number of 



axons that survived the primary damage. Secondary 
deqenerat lor. was a lac- measured by appl ication of the aye 
distal to the injury site, but two weeks after the primary 
lesion was inflicted. Application of the neurotracer dye 
distal to the site of the primary crush after two weeks 
ensures that roily axons that survived both the primary damage 
and the secondary degeneration will be counted. This 
approach maces it possible to differentiate between neurons 
that are stiil functionally intact and neurons in which the 
axons are injured but the cell bodies are still viable, as 
only those neurons whose fibers are morphologically Intact can 
take up dye applied distally to the site of injury a.nd 
transport it to their cell bodies. Using this method, the 
number o f label eol P.GCs re li ably reflects the numbe r o f s t i. 1 1 — 
functioning neurons. Labeling and measurement were shone by 
exposing the right optic nerve for a second time, a:: a in 
without damag in j the ret inal blood supply . Complete ax otomy 
was done 1-2 mm from the distal border of the in j n ry s 1 te and 
solid crystals (0.2-0.4 mm in diameter) of 4-Di-10-Aso were 
deposited at. the site of the newly formed axotomy . icy ared 
optic ne rves we re s imi la r ly 1 ah- e led at approximate 1 y the same 
distance from the globe. Five days after dye application, the 
rats we re killed. The retina was detached from the eye , 
prepared as a flattened whole mount in 4% paraformaldehyde 



solution and examined for Labeled RGCs by fluorescence 
microscopy. The percentage of FoCs surviving secondary 
degeneration was calculated using one following formula: 
(Number of spared neurons after secondary degeneration;/' 
{Number of spared neurons after primary damage) x 100. 
Electrophysiological Recordings 

[0158] Nerves were excised and their compound action 
^^■^-ii^j-^j.^, r-iu- o i w c j. c: l 1 1 j _±_ u JL u u a _l 1 1 g a s u c i on 

electrode experimental set-uo (Yoles et al, 1996). At 
different times after injury and injection of T cells or PBS, 
rats were killed by intraperitoneal injection of 
pentobarbitone (170 mg/kg) < 113 Chemical Industries, Israel). 
Both optic nerves were removed while still attached to the 
optic chiasma, and were immediately transferred to a vial 
containing a fresh salt solution consisting of 126 mM NaCl, 3 
mM KC1, 1.25 mM NaH 2 P0 2 2 6 mM NaHdCu 2 mM MgS0 4 , 2 mM CaCl; and 
10 mM D-glucose, aerated with o5- 0 2 and 5% C0 2 at room 
temperature. After 1 hour, elect rophysiological recordings 
were made. In the injured nerve, recordings were made in a 
segment distal to the injury site. This segment contains 
axons of viable F.GCs that Liave escaped both primary and 
secondary damage, as well as the distal stumps of non-viable 
RGCs that have not yet undergone Wallerian degeneration. The 
nerve ends were connected to two suction Ag-AgCl electrodes 



immersed in the bathing solution ,• v/*:. a stimulating pulse 
was applied through the electrode, u,d the CAP was recorded by 
the distal electrode. A stimulator 'f>D9; Grass Medical 

^-w M^^rhus^r^i was used for supramaximal 
Instruments, ,>umcy, Massaonu.o .~> 

electrical stimulation at a rate -jf 1 p?s to ensure 
stimulation of all propagating ax.ns in the nerve. The 
measured signal was transmitted t :> a micr oelectrode AC 



m 1 _ _ —1 4- -■, 



amplifier (model 1800; A-M Systems, Everett, wA) . me oa,a 
were processed using the LabView 2.1.1 data acquisition and 
management system (National Instruments, Austin, Texas). For 
each nerve, the difference between the peak amplitude and the 
mean plateau cf eight CAPs was computed and was considered as 
proportional to the number of propagating axons in the optic 
nerve. The experiments were done by experimenters "blinded", 
to sample identity. In each experiment the data were 
normalized relative to the mean CAP : f the uninsured nerves 
from PBS-injected rats. 

Clinical Evaluation of Experimental Autoimmune 
Encephalomyelitis (EAE) 

[01-9] Clinical disease was scored every 1 to 2 days 
according to the following neurological scale: 0, no 
abnormality; 1, tail atony; 2, r.ind Limb paralysis; 
paralysis extending to thoracis spine; 4, front limb 
paralysis; 5, moribund state. 



RESULTS 

Neuroprotection BY Autoimmune Anti-MBP T Cells 

[ 0 1 6 0 ] M u r p h a 1 a g i c a 1 analyses w e r o done to assess ft: o 
effe:;t o r one T sells on the response of the. nerve to injury, 
a n d opt-: :: i f i o ally on s e c end a r y ale ■:: e n e r a 1 1 a n . Ra t s we? r e 
1 n j e c t e :i intra p -a r itoneally in ime d i a t e 1 y after op 1 1 a n e r v -a 
injury with P3S :>r with 1x10 ' activated C cells of the various 
aell lines. Tr.e degree of primary damage ta t no op: i.c nerve 
axons and their' attached RGCs was measured by injecting the 
dye 4-Oi-ll-Asp -distal to the site of tne lesion immediately 
after one injury. A time lapse of 2 weeos raetween a moderate 
crush injury arid dye application is optimal for demons : rat ing 
the number of at i 11 viable labeled neurons as a measure of 
secondary aegene rat ion, and as the response of secondary 
degeneration to t reatment . The re fore , s -a con da r y degeneration 
was quantified by injecting the aye immediately or 1 weeks 
after the primary injury, and calculating the additional loss 
of RGCs between the first and tne second injections of the 
dye. The percentage of RGCs that had survived secondary 
degeneration was then calculated. The percentage of labeled 
RGCs (reflecting still-viable neurons) was significant ly 
greater in the retinas of the rats injected with anti-MRP T 
cells than in the retinas of the PBS-.i.n j ected control rats 
(Fig. 2) . In contrast, the percentage of labeled 10 RGCs in 



the ret i r.;.-' : rats injected v;ith ant i -OVA or n:,' :-pa'-- ; 7 0 

ceils was n - j t. : i q n 1 t i c a n 1 1 y greater than t h a t in the ' ■ ' j n *■. r a 1. 
retinae. Oaaa , a Lt ha ugh the tnree T ceil lines : : a • - a at 

the site of injury, only the M3 P- spe z i f i a autoimmune T ce Lis 
5 ha:l a s ubs t; a a a i a 1 effeat. in limiting tne exieni af secorriary 
degeneration. Labeled F'GCs of injured optic nerves of rats 
injected with PBS (Fig. 3A) , with anai-p277 T ::ells (Fig. IB) 
or witn am-MBP T cells (Fig. 10) were compared 
mo r p ho 1 o g i c a 1 1 y u s i. a g m i c r a g r a p h s . 

10 Clinical Severity Of EAE 

[Oltl] Animals were injected i.p. with 1 0 7 T MBP cells with or 
without, concurrent optic nerve crush injury. The clinical 
course of the rats injected with the T : / S? cells was evaluated 
according to the neurological paralysis scale. Each group 

15 contained 5-9 rats. The functional autoimmunity of tne 

injected anti-MBP T cells was demonstrated by the development 
of transient EAE in the recipients of these cells. As can be 
seen in Eig. 4 A, tne course and severity of the EAE was not 
affected by the presence of the optic nerve crush injury. 

2 0 Survival of RGCS in Non-Injured Nerves 

[0162] Animals were injected i.p. with 10 7 T •.<:.:. ceils or PBS. 
Two weeks later, 4-Di-10-Asp was applied to the optic nerves. 
After five days the retinas were excised and flat mounted. 
Labeled RGCs from five fields (located at approximately the 
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same distance from t.he optic disk), in each retina were 
counted and their average numoer per are (mm 2 ) was calculated. 

[0163] As can be seen in Fi:j. -?B, there is no difterer.ee m 
the number of surviving RGCs per area (mm 2 ) in non-ir. ,ured 
5 optic nerves of rats injected with anti-MBP T cells compared 
to in rats m'ected with PBS. 

Neuroprotection by T Cells Reactive to a Cryptic Epitope - 
(p51-70)MBP 

[0164] To determine whether the neuroprotective el feet of 
the anti-MEP T cells is correlated with their viruler.ee, the 
effect of T cells reactive to a "cryptic" epitope of MBP, the 
peptide 51-70 (p!U-70) was examined. "Cryptic" epitopes 
activate specific T cells after an animal is immunized with 
the particular peptide, but not with the whole anti,en (Mor et 
15 al, 1995). The T cell line reactive to the whole MB? and the 
T cell line reactive to the cryptic epitope p51-70 were 
compared for the severity of the EAE they induced, and for 
their effects on secondary degeneration. In rats injected 
with the T cell line reactive to the cryptic epitope, disease 
20 severity (as manifested by the maximal EAE score) was 

significantly 1 :.wer than that, in rats injected with the T cell 

, _ . ,i_ ,-. n _ y. .-> • t-, fTahi p it. Wherea s ant i - 
line reactive to trie whoie p^i-t-.. 

MBP T cells caused clinical para Lysis of the limbs, rats 
injected with the anti- P 51-70 T .ells developed only tail 
25 atony, not hind limb paralysis, and almost none showed 
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the hind limbs. Despite this diligence in EAE 



even t:y, the neuroprotective effect of the 



i . . L j ...J 



v i rulent 



( ant. i-p^l-70 ) T cell s was similar to that tf the more virulent 
lanti-MBP- T cells (Fig. 5). The percentage of RGCs surviving 



5 seoorx 



iary de-genera t i on in the retinas of roo. 



i n 



^ e :: t e d with 



either of the lines was significantly higher than in the 



retinas of the PBS-iniected rats. Thus, the 



wa s no 



:;o r re i a t 1 -i i Lwe^n Lii^ nt-ui'JtJiuuc^Li.v^ 



f f o o t 
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auto immune T cells and their virulence. It is possible that 
10 the anti-p51-70 T cells encounter little anticer. in the intact 
C:i3, and therefore cause only mild EAE. Then target antigen 
mav however become more available after injury, enabling these 



1 ^ t: 



lis to exert a neuroprotective effect . 



Table 1 

Anti-MBP and Anti-p501-70 T Cells Vary in Pathogenicity 



T Cell Line 



Clinical EAE 



Mean ^ax . Score 



Whole MB? 



Moderate to Severe 



2 . 0 0 + 0.2 



pol-7 0 of MBP 



Mild 



0.70 + 0.2 



[mrnedia tely after optic nerve crush injury, Lewis rats were 
L n j e :ted with activated ant i -MBP T cells or anti-p51-70 T 
oe Lis. The clinical course of EAE was evaluated according to 
-he neurological paralysis scale. The mean maximal (max. ) 
score ± s.e.m. was calculated as the average maximal score of 
alL the diseased rats in each group. The table is a summary 
of nine experiments. Each group contains five to ten rats, 
statistical analysis showed a significant difference between 
the mean maximal score of rats injected with anti-MBP T cells 
and that of rats injected with anti-p51-70 T sells (P=0.039, 
udent ' s t-test) . ._ 
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Electrophysiological Activity 

[01051 To confirm the neuroprotective effect of the anti- 
ME.P T cells, electrophysiological srudies were done. 
Immediately after optic nerve injury, the rats were injected 
mtraperitoneally with PBS or with 1x10 ' activated anti-MBP or 
ant: -OVA T cells. The optic nerves were excised 7, 11 or 14 
--J - w - I-,*-,-, ^ t. -i h ho ez\Dc? a Qnrp ^ > w ^ rnniiirti nn, were 

recorded from the injured nerves. On day 14, the mean CAP 
amplitudes of the distal segments recorded from the injured 
nerves obtained from the PBS-injected control rats were 33% to 
500 of those recorded from the rats injected with the anti-MBP 
T cells (Tig. 6A, Table 2). As the diet,-,! segment of the 
injured nerve contains both neurons that es oaped the primary 
insult and injured neurons that have not yet: degenerated, the 
observed neuroprotective effect could reflect the rescue of 
spared neurons, or a delay of Wallerian degeneration of the 
injured neurons (which normally occurs in rne distal stump), 
or both. Mo effect of the injection of onti.-M3P T cells on 
:he mean CAP amplitudes of uninjured nerves was observed (Tig. 
6B, Table 2). It is unlikely that the neuroprotective effect 
observed on day 14 could have been due t ■> the regrowth of 
nerve fibers, as the time period was too short for this. 



cell s s e e n o ro day 1 4 w a s associated wit h a s i g n ific a n 1 1 y 
■decreased CAP amplitude re carded on day 7 iTaoIe 2) . Tee 
an:i-MB:' T cells ma n i f e s t e d e o s ul:» s t a n t i a 1 e f f e c t on the 
an Injured nerve on day 7, indicating that tne red act! en in 
e lee t r opny s 1 a lo g i ca 1 activity observed in tne injured nerve on 
day 7 might reflect the larger number of T cells present at 
oca 1 n j u r y s i : e r e 1 a t i v e c o the un i n jure d n e r ve ( Pi g . 1 ) . T h e 
observed reduction In CAP amplitude in tne injured nerve on 
day 7 reflected a transient resting state in the injured 
nerve. This transient effect has not only disappeared, but 
was even reversed by day 14 (Table 2) . Early signs of the 
neuroprc ce ce ive effect could already be detected on day 1.1 in 
the rats injected with ant i -OVA T cells, no reduction in CAP 
amplitude on day 7 could be detected in either the injured or 
the uninjured nerves, and no neuroprotective effect was 
observed on day 14 (Table 2) . Thus, it seems that the early 
reduction in CAP and the late neuroprotection shown 
specifically by the anti-MBP T cells are related. 
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TABLE 2 



Transient Reduction in Electrophysiological Activity of the 
Injured Optic Nerve Induced by Anti-MBP T Cells, Followed by a 

Neuroprotective Effect 



Unm ; ur e d_ Optic N erve Injured Ooti^ Nor /■ : 

Day 7 Day 14 Day 7 PAYOLA 

Patio (&) 89. 919.1 101.2122.7 63.8*±14.9 243.1**±70.8 

T„ ?B / PBS (n ' ; ( n = 1 0 ) ( n = 1 7 > < ri = 3 ) 

Ratio (%) 1C5.7±12. 92.5±12.6 125.5124.4 107.3138.9 

Tova/PBS ireir. (n=3) (n=ll) (r. = 4) 



Immediately after opt Lc nerve injury, rats were mjec^ea v/itn 
PBS or with activated anti-KBP or anti-OVA T cells. After / 
or 14 days, the CAPs of injured and uninjured nerves were 
recorded. Ratios were calculated for uninjured nerves as 
(mean CAP of uninju re nerves from T cell-injected rats/mean 
CAP of uninjured nerves from PBS-injected rats) x 100, or for 
injured nerves as [mean CAP of injured nerves from T cell- 
injected rats/mean CAP of injured nerves from PBS-injected 
rats) x 100. The P value was calculated by comparing the 
logarithms of the normalized CAP amplitudes of nerves from 
PBS-injected rats and rats injected with T cells, using the 
unoaired Student's test, * P<0.05; **P<0.001 n=sample si ze. 



Neuroprotection in Spinal Cord Injury by Anti-MBP T Cells 
Materials and Methods 

[0167] Animals, antigens (MBP, OVA) and T cell lines were 
as described hereinbefore in Example 6 animals, antigens and T 
cell lines, respectively. 

[0168] C ontus ion. Adult rats (300 to 350g) were 
anesthetized and the spinal cord was exposed by laminectomy at 
the level of T7-T6 . 9ne hour after induction of anesthesia, a 
10-gram rod was dropped onto the laminec tomi zed cord from a 
height of 50 mm. The impactor device (designed by Prof. Wise 
Young) allowed, for each animal, measurement of the trajectory 



- 74 - 



of the rod and its contact with the spina l cord to allow 
uniform lesion. Within an hour of the contusion, rats were 
injected i.p., on a random basis, with either 10 cells 
(specific to either MBP or OVA, depending on the experimental 
design) or with PBS. Bladder expression was done at least 
twice a day (particularly during the first A3 h after injury, 
when it was done 3 times a day) until the end of the second 

... i_ i . -: t-v*,-, >- ^ +- o n H&T7-*=i1 - t ried pntnnomous bladder 

wee , & y wiuun \ hut; i i<-; j. la ^ . ±^ - — - ^- - ■ — — — 

voidance- Approximately twice a week, locomotor activity (o>f 
trie trunk, tail and hind limbs) in an open field was evaluated 
by placing the rat for 4 min in the middle of a circular 
enclosure made of molded plastic with a smooth, non-slip floor 
(90 cm diameter, 7 cm wall height) . 
Results 

[0169] The present study of spinal cord neuroprotection was 
prompted by the previous example that partial injury to an 
optic nerve can be ameliorated administering T cells directed 
to a CNS self -antigen. The question was whether autoimmune T 
cells could have a beneficial effect on recovery from 
traumatic spinal cord injury with its greater mass of injured 
CNS tissue and the attendant spinal shock. 

l0170] Adult Lewis rats were subjected to a calibrated 
spinal cord contusion produced by dropping a 10-gram weight 
from a height of 50 mm onto the laminect omiced cord at the 
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level of T7-T8 (see Basso et al, 1996;. The rats were then 
injected intraperitoneal ly with autoimmune T cells specific to 
MP?. Control rats were similarly injured but received either 



nc 



T cells or T cells specific to the non-self antigen 



5 ovalbumin (OVA) . Recovery of the rats was assessed every 3 t 



4 days in terms of their behavior in m ;>peri-field locomotion 
test, in which scores range from 0 (c ■mpiete paraplegia) to 21 

-judged by observers blinded to trie identity of the treatment 
10 received by the rats. Included in the study was a group of 
uninjured, sham-operated ( laminectomi ;;ed but not contused) 
rats that were injected with anti-HBP T ceLls to verify the 
activity of the T cells. In all the sham-operated rats, the 
anti-MBP T cells induced clinical EAE , which developed by day 
15 1, reached a peak at day 7 and resolved spontaneously by day 
11. Note, therefore, that at the early post-traumatic stage, 
any effect of the autoirmune T cells on the injured spinal 
cord, whether positive or negative, w:>uli be transiently 
masked both by spinal shock and by the paralysis of EAE. 
20 [0171] Indeed, none of the rats with contused spinal cords 

showed any locomotor activity in the first few days after the 
contusion (Fig.7A). Interestingly, however, the rats treated 
with anti-MBP T cells recovered earlier from spinal shock; on 
day 11, for example, when no recovery could be detected in any 
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of the untreated control rats, siqnit: ; r; t improvement v/as 
noted in the T cell-treated rats (Fig. VA). At all time 



oints thereafter, the rats that had received trie autoimmune T 
cells showed better locomotor recovery than did the untreated 
5 injured rats (Fig.7A). Thus the autoimmune T cells, in spite 
ol being encepha litogenic, did confer o igm f leant 
neuroprotection. Moreover, the phase of neuroprotective 

l._ .. _ j j — _ . ^ ~j , T n ' 4_ -I- K ^ y^Vy i o j=i ■- , r ■ mm mci t"i^ r ^ 1 1 .9 . 

a 1 ' L J . v _L L V J.ii-^ ±Uc:u L /v x u 1 1 liic pnuu - - ■ j- . ■ lj . ^ _* . v-. ^ — - — ~ — ^ — /■ 

supporting our suggestion that neuroprotection might be 

10 related to transient paralysis. 

"01721 By one month after trauma the rats in both groups 
had reached a maximal behavioral seen:-, which then remained at 
plateau for at least 3 months of follow-up. In the untreated 
rats, maximal recovery of locomotor behavior, as noted in 

15 previous reports of similarly severe oontusion (Basso et al, 
199b) , was marked by some ineffectual movement of hind-limb 
joints, but the rats showed no ability to support their body 
weight and walk, and obtained a score of 7.3 ± 0.8 (mean ± 
SEM) . in contrast, the average score :>f the rats that had 

20 been treated with the anti-MBP T cells was 10.2 ± 0.8, and in 



Dm- 



V 



ats the value was as high as 13. All the rats in the 



treated group could support their body weight and some could 
frequently walk in a coordinated fashion. The difference 
between the two groups, based on 2-factor repeated AN OVA, was 
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statistically a iqr. L l Leant -p^O.05) . r..., - . 

on locomotor activity is nonLmear. me a:,, ,e ^ 

, ., ivitv ?een after treatment with *:he anti 

increase m no d-U/uy 



MBP T cell, ,ould result from much higher percentage or spared 
tissue tased on b linear regression curve on whirh the 

w k ,-,r, i« correlated with the am •: unt of neural 

behaviuj. al s..jit. x~ 

.-o^ Hi ffpr^v^ between 11 and 7 
spinal cord tissue (tor example, a differ.. 

, , , i Hiffprpnce between 

on the iocomoticn score wouia oe rea. « « - 

30% and less than 10* of spared tissue). 

- -p -vr.orimpnts the rat s were 
[0173] Ir: another set of ^xperimoncs 

subjected to a more severe insult, resulting in a functiona! 
score c ,f i.:, + 0.8 (mean ± SEM) in the untreated group and 7.7 
± !.4 in the treated ;roup (Fig. 7B, . This difference of mere 
th an 3 fold m behavioral scores was manifested by tne almost 
total lac* ,f -tor activity in the control rats as compared 
with the ability :>f tne autoimmune T cell-treated rats to move 
all their joints. The beneficial effect was specific to 

, -ft- *„- i -MRP T cells; no effect was observed after- 
treatment with an -J. not i --i 

.-.ifir to rhe non-self antiaen OVA 
treatment with T cells specific to tl... n, 

(data not shown;. The positive effect of the autoimmune 1 
ceils seem, to be expressed in the preservation of CHS tissue 
that escaped the initial lesion, i.e., i- neur_p . 
Therefore, the magnitude of the effect would be inherently 
limited by the severity of the insult; the more severe the 
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lesion, the less too amount of spared tissue amenable to 
neuroprotection . 

[0174] To determine whether clinical recovery could he 
explained m terms of preservation of spinal axons, we 
performed retrograde labeling of the descending spinal traces 
by applying the: dye rhodamine dextran amine (Brandt et al, 
1992) at TI2, below she site of damage. The number of :iye- 
stained ceils mat cou_lo oe (juuhlcu j-h i~h'= n^v-^-- - 

brain constituted a quantitative measure of the number of 
intact axons traversing the area of contusion. Sections of 



red nuclei frorr i:v]ured rats treated with anti-MBP T eel 



1 c- 



(Fig. 8) contained 5-fold more labeled cells than sections 
taken from the untreated injured rats. Photomicrographs of 
red nuclei taken from rats treated with anti-MBP T cells (with 
an open field score of 10) and from PBS-treated rats (with a 
score of 6) are shown in Fig. 8. These findings indicate that 
the reduction in injury-induced functional deficit observed in 
the T cell-treated rats can be attributed to the sparing of 



spinal tracts, resulting in a higher degree of neur 



on 



viability . 

[017 5] After a follow-up of more than 3 months, when the 
locomotor activity scores had reached a plateau, the site of 
injury of three of PBS-treated animals and three animals 
treated with anti-MBP T cells were analyzed by diffusion- 



weighted MR I . The cord, were seised in one piece from t,o < 
bottom and were immediately placed in fixative (4% 

nH Axi ,i ,:A^-ons along the excised contused 
piraformaldenyae) . Axia^ -=> 

cord were analyzed. Fig. 9 shows the diffusion anisotropy in 
axial sections along the contused cord of a rat treated with 
autoimmune T cells, as compared with that of PBS-treated 
control rat. The images show anisotropy in the white matter 



■f "hhR cord. 

< _ 1 i L_ ^ J- v - -■- 



surrounding the gray matter Ln the 
Sections taken from the lesion sites of PBS-treated control 
rats show limited areas of anisotropy, which were 
significantly smaller than those seen at comparable sites in 
r, h e cords of the rats treated with the anti-MBP T cells. 
Quantitative analysis of the anisotropy, reflecting the number 
of spared fibers, is shown in Fig. 5. The imaging results 
show unequivocally that, as a result of the treatment with the 
autoimmune anti-MBP T cells, some spinal cord tracts had 
escaped the degeneration that would otherwise have occurred. 

Discussion of Results 

[0176] No cure has yet been found for spinal cord lesions, 
one of the most tommon yet devastating traumatic injuries in 
industrial societies. It has been known for more that 4 0 
years that CHS neurons, unlike neurons of the PNS, possess 
only a limited ability to regenerate after injury. During the 
last two decades, attempts to promote regeneration have 



. -,-worv In the last 

u partial tecovei> . 



yielded approaches that lean 

, , . ccre ap paren, that, although most ot ttu 
f„w years it has oecome .rM- 

,^ n . d fcv rho human spinal cord are 

traumatic injuries sustained l> 

. is nevertheless ~ar 

partial, the resulting tun.. 

. - r u,. ,- re severity of the 
i a arrounted ror b. tr.e - - 
S worse than could be a^our. 

,_ T . - ir( = = 5 of secondary 

initial insult; the s.lf-P»W"^ 



.„„....,h™ aonears to be d*cisi«. 

. - n -r - h 'x c r e cent i y 

[0 177] A substantial researcn 



„ j_ n , T K ^ n 



. . . .-ndu.-d secondary degeneration. 

^ , ^ _ arresting m]ur -- Lndu '-- J 
directed to arre^tinj j 

' hav . o-^en pharmacologically based, and 

10 All attempts up to now hav. o.en t 

r( , ( -, very from spinal shock. 
» have resulted in improved r<,c.,/-i/ 
some have icon ^ >,-.+■ 

a cell therapy that 

- t- ct-nrlv in COIltla-w 

The present stuay, 

- n=>rur=j ' mechanism of self- 
augm,ents what seems to be « 

„ treatment, to long- 

maintenance and leads, after a .1.., - 

ov , rv The extent of this recovery appears to 
15 lasting recovery. m- 

- mi- 5 cal methods. 
*-~a no inn TDaarm^i 1 - oiog^-cdi 
evened that reported using p. 

. , r .._ induced damage triggers a 
[0178] In most tissues, 1 . 

th _. a ,-,-s to protect the tissue and 
rellular immune response tha. " 

Tnic response has been attributed 
preserve its homeostasis. In- - 

, _ c ., ls comprising the innate arm of 
20 to macrophages and other 

h -^vtes which are responsible for 
the immune system. Lymphocytes, 

, t have n nt been thought to partic iP ate m 
adaptive immunity, have n.t 

„ Adaptive immunity, according to 
tissue maintenance. Adap-w 

is directed aoainst foreign dangers, 
traditional teaching, is direct 



-\ 1 



Our studies now show, howevei, una,. 

bo protective even when there is no invasion by 

- n r , s ^ 0 f r. issue maintenance, the 

foreign pathogens. ±n the c.^>~ 

f t r^n- is t'" Mssue s e 1 f - a n t i ge n 3 . 

sp-oif icity of the T cello is u .. - - 

rf ^rt-tnunali: CNS maintenance by 
5 [0179] Our observation of post t.jJOdi.i 

= t ---lis suaaests that we ni<;ht do well to 
autoimmune T --^lis suy-jo^L.^ 

h .„ ir con— Pts r.f autoimmunity. T cells that 
reevaluate some bcisic con^..puo - 

. . . and to MBP in 

are specific to CHS sell antiqta, x.. r) ,...-.--, - 

particular, have ion, bean consrdered -: o re only detrimental 
.0 t, health. in the present study, however, the same T cell 
preparation that can produce EAE in tfc. undamaged CHS was 
t ,,, nd to be neuroprotective in the damaged spinal cord, 

4_ -r- <->-,,=> ^s<=u-- clays an important 
suggesting that the context of th,. 1 Y 

part in determining the outcome of its interaction with T 
1 5 C ,11 S . It would seem that the tissu, deploys specific signals 
to elicit particular T cell behaviors. -Among such signals are 
co-stimulatory molecules, particularly members of the B7 

^ _ n ic,96) As :-ir:wn hereinafter, the 
family (Lenchow et al, • 

ra rr.n^i^ntl" expresses elevated levels 
injured rat optic nerve transiently ...l. 

n- pi > .„•)• i rh is constitutively 
20 ., f the co-stimulatory molecule B 7 . , «M-~ n 

expressed at low levels in the rat CUB white matter and which 
is thought to be associated with regulation of the cytokine 

rn ^ t q (-,1.--. iner 1997). The early 
profile of the responding T oe.rs (W.i.^r, 

■i wiitv of the exogenous anti-MBP T cells, 
post-injury availability ol rne -Jd 




. ., ;r „ ,,;, h , h .= observed early P o5t-injury mere 

come nJ i- riq ^ - '- ■ 1 u L 1 - 

rt -r- iHea that s.qnals expressed by th 

B7.2, wouici support. ...he i-ed 



tissue might modulate the T cell response. It xs 

. w „ anti _ MB P T cells w:,l::h cause a rn:no r hasio 

conceivable tnit ciour 

hcfllrhv c:13 nerve, 
^ Hicsf up-n interacting with a h.ait.^ 
5 autoimmune .: : ■ •••a.-- . u^-n 

, a maintenance program when they interact with 
might implement a maintenance t- - 

r-n- r-sue -ypr-ssina increased amounts of B7.2 and 
damaged (..»•-> t.osut _xpr~ = 

probably -he, co-stimulatory molecures. ih, 
; effects of the T cells .ay be mediated, at least in part, by 

. ■ - r i,-.ren-.=nt regulation of specific cytokines or 
10 antigen-oepen... -m- ±- -y 

f^r,rh.=n^t—,er et al, 1999) produced 
neurotrophic r actors (Kersch.-n- 

locally a: the site of injury. 

t C1301 Thus, the present invention is also dire:te,i to 
^ manipulating H7.2 co-stimulatory molecule to prevent or 
; 15 in hibit neuronal degeneration and ameliorate the effects of 

+- ~™ ui ? molecule can 
. ■ ~ ^ i^gpase of the nervous system. B7 . _ -oi 

injury '-^ 

- -; ^ Hrn^s or by oenetic 
be up-regulated for this purpose, u.mg dru.s .r 

manipulation, without undue experimentation. 

rpnort-d that injury to 
in a recent study, it was report- a 

vo a transient autoimmune response to 
20 the spinal cord triggers a transient 

. . ... a , 19 q 6 ). However, whether that response is 

■ , i -,r beneficial remained an open question (Popovich 
detrimental or benerioxax 

^ i,i 3 it w-uld appear that the 
et al, 1997;. From our present data, it w.u 

. . n .. f anti _ MB P T cells could indeed be beneficial. 

activation :jt anzx nor 
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.. r wi-nt of exogenous autoimmune T ce 1 \ 

However, a .-> < iop i.o.i-oi l 

raqfrirf ions -on immune react 

r e qu x i e o - - — 



; :r.-i-/ oe 



10 



H hv — wrnun-privilege of the CMS fStreileirw 19!*) . 
imposed by u.c immun- ^ 

The finding that autoimmune response can be advantage ,s 

suggests tna C natural auto,— T ceils may have trigone 

positive seiect^n during ontogeny, as proposed by the theory 

of the rmmunoioorcal homunculus (Cohen, 1992), and are not 

, , , M . r ^oultinq "rem the escape — 

merely a derauit resuitmy ~ 

^ c-ui f pntinpns (Jane way, 
selection of T cells that recognize self an.ia.n 

1992 , . Such a response could then be considered as a 
mechanism or potential physxoxogrcal cNS 

^t- ,nff ; r^nt for the purpose because of 
which is, however, not sutt-U-ni 

the immune-privileged character of the CHS. 

insertion of autoimmune T cells lasted for 
[0182] A single in]eCuioa ^j- 



form or 



15 at least 100 lays. Thus, this procedure offers a 

self-marntenance. This specific autoimmune response, when 



■i t ~ s iq useful as part of a self 
properly controlled, is useiui f 



-derived 



rem 



edy for spinal cord injur;, 



2 0 



PF.P TIDE - MOG p35-55 




,0Wj; Antral., crush injury >f rat optic nerve, and 
retrograde iabeling are described above in Examples 3 and 4. 
fl peptide cased on amino acrds 35-55 of MOG <»0G p 3 5-5U -s 
25 chemicaUy synthesized at the Weizmann Institute, Israei. 



,s 4 



Inhibition of Secondary Degeneration 

[0184] Rats were injected intraciermally in the footpads 
with MOG P 35-55 (50 ug/ar.imal) and I FA, or PBS, ten days prior 
to optic nerve crush injury. RGCs were assessed two weeks 
after injury using retrograde labeling as described above. 
The number of RGCs in rats injected with PBS or MOG pre- 5 5 was 



expressed as a percentage of the total number of neurons in 



rats injected with MOG p35 



— '-i D in 1.. ne dusem-c \j x. ^^^-j" -^j^^j 



RESULTS 



[0185] As shown in Fig. 10, the number of labeled F:GCs 
(indicating viable axons) was about 12.5-fold greater in 
animals inject--, with MOG P 35-55 compared to animals receiving 
PBS . 

EXAMPLE 4: NEUROPROTECTIVE EFFECTS OF MBP ADM INISTERED ORALLY 

MATERIALS AND METHODS 

[0186] Animals, crush injury of rat optic nerve, and 
retrograde labeling of RGCs are described above in Examples 3 

and 4 . 

Inhibition of Secondary Degeneration 

[0187] Bovine MBP (Sigma, Israeli (1 mg/dose) was 
administered to rats by gavage using a blunt needle. MBP was 
administered , r times, every third day, beginning 2 weeks prior 
to optic nerve crush injury. The number of RGCs in treatec 
animals was expressed as a percentage of the total number of 



r 1 



^ . r , . ; n n-^ve crush injury but 
neurons in animals subjected t.o ^ n ^ 76 



which did not receive MBP 



RESULTS 



:he number of labeled RGCs was 



[018 8] As shown in Fig. 1 , 

M ., 3tP H with MBP compared to 
5 about 1.3 fold greater ir. animals t,.,ate. with M 

untreated animals. 

THE B7 2 CO- STIMULATORY MOLECULE IS ASSOCIATEDWITH POST- 
RAUMATIC MAINTENANCE OF THE OPTIC NERVE BY ORAL 
10 ADMINISTRATION OF MBP 

Introduction 

0 t rPlls can under certain conditions be 
[0189] Autoimmune T cells can 

. v Tb-= effect of such T 

beneficial to traumatized CNb axu,,. Tl.- 

, ^^ n .=. mic ,ht be influenced by the nature 
cells on the damaged ti = su-- miqnu i- 

- .v, r- .t^nlatrr-v molecules it expresses. We 
15 and amount oi the co-stxmulat^-y m. 

sh ,.„ tb .t the B7.2 co-s tlM lat,r 5 .olecule is constitutive!,, 

up-r.guX.ted at the margin, of the Injury site. Pre-ln 3 ury 

- ..1 t-ole-ance t- HEP resulted in a further post- 
induction oi oral tolerance 

. . -n-r^se in B7 ' at the orjins and at the injury srte 

20 injury increase in 

itself, as well as a better preservation of the traumatized 
ne rve. Thus, B7 . 2 expression in the brain and its up- 

_ 4-. v-.= directly related to post- 
regulated after trauma seem to directly 

. ^ ^ ^ cn i. v ^ ( -i bv autcdmmune T cells, 
traumatic maintenance display^ oy 
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5 



10 



15 



20 



■ „ *- u ~ ,-K-c- ,. ,. : ^er-e d^a^ne ra t i on of 
[01 90 J Neuronal injury in th-= a«o „u. u-j-n- 

, i ~ --, f f^pp,-; that escaped the 
direttry damaged fibers as well a= ot i.l— L[1 -> ^ 

primary insult. It also triggers a system:: response of 
autoimmune T .ells to MBP that night affect the course of 
degeneration of the injured nerve. Whether the affect of 
these T cells on the nerve is detrimental or beneficial may 
depend, in part, on the nature and level .1 the co-stimulatory 
molecules expressed by the damaged t:-:sue. 

[0191] Several co-stimulatory molecules have recently been 
identified, including the B7 and CD4(> molecules (Caux et al, 
1-:,Q4; Lenschow et al, 1996). CD40 appears to be dominant 
during cell differentiation in the lymph nodes and B7 during 

-v , Q ii5 in the taraet organ (Grewal et al, 
attivation ot 1 '-eiis in uaj-j-.- j 

1996) . 

[0192] The B7 co-stimulatory molecule is a member of the 
immunoglobulin superfamily that interacts with CB26 and CTLA-4 
on T H cells. There are two related forms of B7 (B7.1 and 
B7.2). Both molecules have a similar organization of 
extracellular domains but markedly different cytosolic 
domains. Both B7 molecules are expressed on antigen- 
presenting cells (APCs) such as aendritic tells, activated 
macrophages and activated B cells as 37.1 or B7 . 2 . , which 
might preferentially support activation of the Thl or the Th2 
type of immune response, respectively (Kuchroo et al, 1995; 
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[0193] The 



, ■ , r - _ ,i i q q p. ) . We were tnere f re i r. u - - - ^ - 
Karandi k.j i - > ^ - t 1 3 ■• f - ' 

•H-nt-- : rv of B7 molecule suotype expressed m 
determining tne id-nf-ty or 

intact and injured CNS white matter, a,.a its F- 

4= r^r.ons^ to the; injury, 

influence cn trie course of the i.spon^ 

RESULTS 

^ ^vnr^ss^i :onstitutively 
:o-stimulatory molecule ^pusb-a 

^ Tr-w^ rats was identified 

in the intact -pn 1 - - f -- — b 

v">a I^B) To examine the effects of 
as B7 . ,! . ( Figs . 1~A, . 

4r ^ - of i mulat^ry molecules, 

.. neurotrauma : r. the expression ot *7 stimuli., y 

, u _ ^ r . n-'Tv-^s of Lewis 

10 we mflxcted -, mild crush injury on th* optic n..rv. 

ra ts and assessed the neural expression of B7 by 

n ■= Th- most srrikmg effect of the 
immunohistochemical analysis. Th-, m.ot. - 

inDUry wa, : on B7.2 expression manifested cn post-injury 

, day 3 by its elevation at the margins of the injury site 

, 2 , p E ) in contrast, expression of B7 . 1 was not 

(FigS . i^t- r V "r ^' • 

detected In .he optic nerve either before or 3 days after 
m . Or. day 7. however, B7 . ! was detectable at the site of 

■ ■ ,„ h,-„.-, oatfern reminiscent of that seen for 

injury, having ocil^-j-h 

macrophages or microglia (Fig. 1~F) . 

[0194] Next, we attempted to determine whether the 

i^n™ .-ould be modified 
degenerative response to optic nerv« -wj^/ 

by peripheral manipulation of the immune system. 

4= -rai tnlprance, known to 
ampulati:,: chosen was induction of oral toleran. 

b^tander" T cell immunosuppressive effect (Werner et 

^~ y ~~ w 



15 



20 



The 



m 



cause a 




■ n f mbP results m 

st ion Df low dobes o. 

al, 199 7b) • ■^■■r-^' 

i f . W hic.h, based jn ant.- J 

activation o, - — ' , nm une 

■ „ t . rv ^oFine and thus favoi 3.. 
r rh( , dominant o./-okx. 

secrete a ' '- 1 

tv?/T type (Chen et al, i-- 
response of ' - ^ _ 

* * <-itr food to which 1 m d 
- = w.-re fed witn i^--^ 
c [0195] Lewis i.ats w..re 

b , ev^ry cthei. day. 

. npp h:td oe en added five times daily 

. • , th , supplement, the rats were 
„fte- f-rst receiving the supp 

Ten days aft,- l- - This 

i ^r,vi - nerve ciuo» - 
v.- -M-d to mild unilateral op-i- n. 
subjected tc . to ierance and injury 

. , [); . tw ,en initiation of oral to. 
1 time, interval o^ i^d-uo of the systemic T cell 

1Q : was chosen : allow adequate bui.d up 

j np the numb *=:i^ 
ce /V - shown in Figs. 13A and 

reSP ° ' " . ,- n Seated by ED-1 labeling) 

, r l( -Mve microglia (indicated y 
macrophages or ,u_ ... _ receptor), 

lls ,, -^d by immune labeling for ~- 
and T ceils I -..a---^ 

not differ from tnose 
, , , v ,« after injury, did not cur 
. assessed 3 -ay- 

„ . .. r .,- ol injured rats which did receive an, 
15 observed m cor.--- _ d , K . e d oral 

- , Hth PBS m the rats with -udJ- 
. wc-r^ red with 
treatment ■- - wt_ - fl , Kth er 

, a „*r the amounts of B7 . z w.. 
^ t- -■ MP P. however, in- 
tolerance I- Lit-t, 

^ site of injury lt-=i 

i , t me margins of t.i.. 

increased at t.u. 

, - E) in addition, m U- ■ 
i • th ( --.ntrols (Fig- - 
compared with o.nt pl „ vatf d at 

t- - MRP, Bl .2 was als-- — - 
20 „ lth induce, o,U .t.i«anc. to 

r relative tc the control ner «, 

that th - T ceil, exposed » "BP 

It seerus reasonable to assume th-t th. 

,-,„ upon invading the injured 
via intestinal absorption, up.n 
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contributed to the increase 
injured nerve. 



in expression of Bl.2 by the 



[0196] We then attempted to 



determine whether the observed 



ion in the injured rats was correlated 



j of the 



changes in B7 . o express 

with the extent cf neuronal degeneration. Acute myurv 01 
rat optic nerve is followed by a process of nerve 
degeneration, which can be quantified by retrograde labeling 
of the surviving neurons and counting of the corresponding 
cell bodies. Two weeks after optic nerve injury, the number 
of surviving PGCs, representing still-viable neurons, in tne 
group of MBP-fed rats, was significantly higher than that in 
the control group, or that in the group of rats with injured 
nerves that were fed with ovalbumin (OVA) . Interestingly, the 
benefit of the induced oral tolerance to MBP was increased by 
feeding the rats with more intensive schedule (Fig. 14). 



EXAMPLE 5: 



nneTTPMiMt TTC IMMUNIZATI ON WITH NOGO P472 PEPTIDE 
PROMOTES FUNCTIONAL RECOVERY FROMSPINAL CORD 
CONTUSION 

MATERIALS AND METHODS 
[0197] Animals. Female and male SPD rats were supplied by 
the Animal Breeding Center of the Weizmann Institute of 
Science, Rehovot, Israel, matched for age (8-12 weeks) and 
housed in light- and temperature-controlled rooms. 



[ Q 1 9 8 ] Antigen . The N 



ogo p-V/I: peptide (SEQ ID NO: 19) was 



^^i^a at the Weizmarm Institute of Science, Rehovot, 
Israel . 

[01-9] immunization. Rats were immunized with 100-150 ^g 
of tlogo p472 peptide emulsified in CFA containing 1 mg/ml 
Mycobacterium tuberculosis. The emulsion was injected 
subcutaneously at one site in the upper back in the rats. The 

p 472-irnmunized rats were oooste i one week after injury with 

P 472 (100 pg/rat) in I FA. Control rats were injected either 
with PBS or with PBS emulsified in CFA (Difco, Detroit, MI, 
USA) . 

[0200] Contusion. Adult rats were anesthetized and their 
spinal cords were exposed by laminectomy at the level of T9. 
One hour after induction of anesthesia, a 10-g rod was dropped 
onto the laminectomized cord from a height of 25 mm or 50 mm, 
using the NYU impactor (Basso et. al, 1995 and 1996). 
Introduction 

[0201] Regeneration of axons after injury in the CNS of 
higher vertebrates is extremely limited and almost absent. 
Growth inhibitors associated with CNS myelin play an important 
role in this aspect. A potent neurite growth inhibitory 
activity associated with adult CNS oligodendrocytes and myelin 
was reported by Caroni and Schwab, 1988, and found to be 
neutralized by a monoclonal antibody, IN-1, which was shown to 



+. • r „ ^ n t- o o n v , n a e comp^nsat o r y 

4_ . r . - r p it-'D-^rat ion ana - r 

p r omo te a ^ 1 j r i a r.LjL.n.iaui.v 

. „i . rrr i hrai'i lesions in adult 

i-itv following spinal --orci o... — a 1. . 1 ^ _ o 



nl :i-t . . . 

k_ > _J_ -a '■ - -J- — — ./ 



rats . 



■ --hw w^c; -,t^- ^eCtei to a high molecular 
[0202.] This activity was ^aLc ..t-.^ - 

4- -v. -^c^-nR-^i li'-i^O. with a smaller 
5 weight nenorare protein, desx,na,u 1- . - - , 

h n- ^0 in rat The bovine honv; logue of rat 111-250, 
con:oonent, N^---^/ in rd^. 

^iw miHfi^j ('ten et al f 2000; PCT 
bTII-220, was recently puririeo v-i.^u 

T\ ^ H r- +- <- DN A 

Publicati- -n WO U',:/3x235) . The — — ? • 

encoding KI-220/250, was recently reported (see Fig. ia of 
cnen et a :, ,000; and PCT Publication W, 00/31235, the entire 
consents of both of which being hereby incorporated herein by 

t^'sn in rl O* 17) encodes at 
The rat nogo gene ■o-n-U J o -e . ±m 



10 



reference ) . 



least three major protein product,. l...q.. 

■ ... H^tibas^ a.--— ?st on number AJ242961), 
(1,163 amine- acids; dataoas^ 

. • r\ T ■> 4 •? c, g / ) and Noqo-C 

15 Nogo-B (SEQ ID HO: 20) (3b0 ammo auds, Au^.fc-J 

■ ,j„ . n TOj'K.h'o The sequence of 
(SEQ 1 D i;0:21) (199 amino acids; A,24_>b_>). int. 4 

the ammo acid P 472 (SEQ ID NO: 19) containing the residues 
,23-640 :,f rat Nogo-A, is shown in the bo:, in Fig. la of Chen 

--f +->- -. r- -,r r- -condinq human cDMA and 
et al, 20C0. The cloning uf th^ d 

•i + -i "i ri n fi See also WO 
20 protein is reported in Pnrrjha et al, ..000. a 

00/60033 and WO 01/36631. 

[0203] PCT Publication WO 00/31235 describes methods for 
the production of recombinant Nogo proteins, fragments, 
derivatives and analogs thereof, and DMA molecules coding 



therefor. This publication further describes the use 01 a 
Nogo prctein or fragment thereof for the treatment of 
neoplastic diseases of the CHS such as glicma, glioblastoma, 
retinoblastoma, and the like; and further describes the use of 
a rito::yme or an aricisense Nogo nucleic acid for treatment of 
a subject with damage to the CMS and/or for inducing 
regeneration of neurons, wherein said ribozyme or antisense 
Nogo nucleic acid acts by inhibiting the production of Nogo in 
the subject. It is thus unexpected that immunization with 
nogo or fragments thereof and/or administration of T cells 
activated therewith can promote nerve regeneration or prevent 
or inhibit neuronal degeneration in the H3, as shown according 

to the present invention. 

[0204] FCT publication WO 00/31235, WO 00/60083 and WO 
01/36631 are all hereby incorporated herein by reference. All 
CHS protein polypeptides and nucleotides disclosed herein can 
be used in the process of the present invention. 

RESULTS 

[0205] SPD male rats (n=5 per group) were subjected to 
severe spinal cord contusion as described in the Materials and 
Methods section of this example and a 10-g rod was dropped 
onto the lammectomiced cord from a height of 50 mm (Fig. 24A) 
or 25 mm (Fig. 24B) using the HYU impactor. Soon thereafter 
the rats were immunized subcutaneoulsy with Nogo P 472 peptide 
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(100 ug/rat) emulsified in CFA containing 1 mg/ml 
Mycobacterium tuberculosis. Control male rats (n=5 per group) 
were injected with ?B3 emulsified in CFA. 

[0206] in another experiment, 5 female rats were subjected 
to severe spinal cord contusion as described in the Materials 
and Methods sect:.:,, of this example and a 10-g rod was dropped 
onto the laminect :.nazed cord from a height of 50 mm (Fig. 21) 



i._ _ , . 4- V- -v — .-ho uo ro 

r. Soon tnereai. uei ^^^^ 



using the NYU i:T\p:i<:"to 
immunized subcu:an,oulsy with Nogo P 472 peptide (100 ug/rat) 
emulsified in CFA containing 1 mg/ml Mycobacterium 
tuberculosis. Control female rats (n=5 per group) were 
injected with PB-. emulsified in CFA or with PBS alone. P472- 
immumzed rats were boosted one week after injury and 
immunization witn p472 (100 ug/rat) in I FA. 

[0207] Acute incomplete spinal cord injury at the low 
thoracic levels causes an immediate loss of hindlimb motor 
activity that sp :,v;aneously recovers within the first 12 days 
post-injury and stabilizes on deficient movement abilities. 
The amount of motor function restoration is the sum up effect 
of the positive recovery from spinal shock and the negative 
effect of longitudinal and ventral spread of damage. A 
therapeutic approach aiming at reducing the spread of damage 
through neuroprotection will result in a better recovery in 
terms of hindlimb motor activity. The hind limb motor skills 
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of the animals were scored using the BBB scoring method 
developed by Basso et al, 1996, following the kinetics an 
- jU nt of hmdlimo motor activity in the two experimental 



a 



ami 



groups . 

[0208] The results of the experiments above, depicted ir 
Figs. 24 (A-B) and 25, show that both female (squares, Fig. 
25) and male (triangles, Figs. 24 A-B) P 472-immunized rats 
showed significantly improved overall functional 
compared to the control ra,s injected with PBS in CFA 
(squares, Figs. 24 A-B and circles, Fig. 25) or PBS only 
(triangles, Fig. 21) (P5S0.01, one way repeated measurements 
AN OVA) . Males (Figs. 24 A-B) showed significantly better 
locomotor performance than PBS+CFA-treated controls from day 
11 after the injury and at all times points measured 
thereafter. Females (Fig. 25) showed significantly better 
hind limb locomotion than PBS-treated controls from day 25 and 
on ((P<0.05, **P<0.01, ***P<0.001, two-tail Student T-test). 
Discussion of Experimental Results 

[0209] The results of the experiments described in Examples 
1 and 2 show that activated T cells accumulate at a site ot 
injury in the CHS. Furthermore, the results also demonstrate 

i - ■ -f t r pll«; at the site of injury is a 

that the accumulation ot i cells ai uie 

non-specific process, i.e., T cells which accumulated at the 
site of injury included both T cells which are activated by 
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nrwnt at che site of injury as well 
exposure to an antigen present 

^Hn^n net normally 
, ■ ^ >^ . r +-w a ted bv an antiq-n n- 
as t cells whicn are ai—^-- 

present m the individual. 

■ H3qrr ib^d in Example 3 

n f experiments aescru^ 
[0210] The results 01 --y- 

f .. ial effects :): T cells in 

5 demonstrate that uu 

, in the ""NS are associated 
ameliorating damage due to injury m the . 

c i l lus- rated by MBP. More 
M q soecific self-antigen as illus-^ 
with an NS-speci n<- 

-p^ifically, the administration uf n,n 

, > ,. m su-p to an antigen which can cause 
0 whi ch were activated by e.posu^ 

, T ) rather than aggravating the injury, 
10 autoimmune disease (T MB p) , 

r-f protection from secondary 
!,d to a significant degree ot protect 

Thus activating T cells by exposure to a 
degeneration. Thus, act 

w.s t-n-ficial in limiting 
figment of an NS-specific antigen was U.n- 

^ " f • , urv in the CHS. The present findings show 

th- spread of injury in 

. • . be inhibited by the transfer 

15 that secondary degeneration .an be 

u . tTr ,]i5 which recognize 
lnto the individual on non-recoabinant T els 

.,fic self antigen which is present at a site of 

an NS-specific sen ^ 

■ - .rvctic ■'•r non-pathogenic 
injury. The T cells may recognize .r iP ti, - 

wc-self antigens, 
epitopes or Nb sen 

• described in Examples 

u^^-r, t-hp pxperimento aes_Lxw 
on [0211] In addition, the - P 

f rp ._^ r , 3 by administering an 

, 4 and 5 show that activation of T . -I- 

• n (e a MBP) or immunogenic epitope of an 
immunogenic antigen (e.g., 

aii\ mav be used for 
^ a MOG P 35-55 or Nogo P 472), may 
antigen (e.g. / ^ 
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rM o HoMo r .prari;n following 
pr eventing or inhibiting secondary CNo U,,- 



i n i ury. 



O t- ^- -L i- ^ ^ 



[0 2i;.] The foregoing description of the 

. il". so fully reveal the general nature of the 
embodiments wil- so tuny 



5 invent i ">n 



v- 3nn ivira .-urrent knowledge, 
that others can, by applying 



■/ r .Hant for various applications such 
readily modify ana/or adapt ror 

>Vl ,, t nndue experimentation and without 
mbodiments without undue e.. t 



^1" ' ' 1 ^ 



_. . . ~"U 

dwKtiW M. the generic concept, an,, J* 

-i^i an H qrp intended to be 
adaptations and modifications should and are . - 

, r -i,d within the meaning and range of equivalents of 
1Q cor.prehenuect witni" 

Tt is to be understood that the 
the disclosed embodiments. It is tc 

n ^ herein is for the purpose 
: Phraseology or terminology employed herein 

, , , .option and not of ligation, and that other means or 
steps for carrying out the same function can be used; and it 

■ ^ nivpn their broadest 
lS 1S intended that such expressions be rnv 

i nterpretation . 

, 0213 , A11 publications cited „«.in are incorporated by 



r 



Terence in their entirety 
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